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FrBMrD

This document, Health Physics Manua of Good Practices for the Prompt
Detection of Airborne Plutonium in the Workplace, was prepared in response to
recommendations from the attendees of the 1987 US Department of Energy (DOE)
Workshop on Workplace Aerosol Monitoring. |t was apparent from discussions at
the workshop that current national and international standards were heavily
oriented toward duct and stack sampling and monitoring and did not adequately
address the prompt detection of airborne contaminants in the workplace. The
latter function is critical to prevent or at least minimize exposure of
personnel at DOE facilities.

This document was prepared by a working group of technical experts and
extensively reviewed within the DOE community. The group was requested to
address plutonium as the initial airborne contaminant of concern due to the
difficulty in detecting this radionuclide and its low allowable concentration
(Derived Air Concentration) relative to other source terms present at DOE
facilities. The guidance in this document incorporates applicable portions of
existing standards and is intended to provide technically sound advice about
prompt, cost-effective detection of airborne plutonium in the workplace.

IV

Edward J. Vallario, Acting Director
Radiological Control Division
Office of Nuclear Safety

US. Department of Energy






ABSTRACT

Thi s manual provides guidance to US Department of Energy(DCE) facili-
ties on the pronpt detection of airborne plutoniumin the workpl ace.

Information is first givento aid in detection systems that will function
effectively in various workplaces. Steps in designing a systemare covered
its general requirements, the plotting of workplace sources of plutonium and
net hods of determ ning workplace airflow patterns. Quidance is provided on
the proper numbers and | ocations of probe sites, the orientation of probes for
representative sanpling, and the mxture of stationary and portable probes.
Recommendat i ons for del ivery in sanpling systens include exam nation of
particle loss and sel f-absorption problens, methods of elimnating air |eakage
in the system and optimzation of decontam nation capabilities. Systemflow
rate, requirements in a collection medium burial |oss and pressure drop, and
prudent frequency of renew ng the collection nediumare anong air sanpl ing
consi derations covered. After a discussion of controlling airflowand of
vacuumsour ces and system backups, the checkpoints to ensure systemreliabil -
ity are |isted.

The manual then discusses instrument specifications that provide correct
ai rborne pl utoniumconcentrations and reliably activate alarns. Focusing on
the interrelationship of all conponents, essential factors in instrument relia-
bility are addressed: the regulatory lower limt of detection and perfornance
specifications of detectors and filters, maintenance and calibration require-
nents, and features of commonly used plutoniumair-sanpling instrunents.

Finally, the manual advises on establishing a docunentation programto
archive and eval uate the performance of a plutonium air-sanpling program






EXECUTIVE SUMVARY

This manual provides guidance to US. Department of Energy (DOE) facili-
ties on the prompt detection of airborne plutonium in the workplace. It was
an outcome of the 1987 DCE Workshop on Workplace Aerosol Monitoring, which
reviewed current standards of airborne contaminant monitoring. The objective
of prompt detection is recognized as preventing or minimizing personnel expo-
sures through air sampling. Plutonium was selected as the initial airborne
contaminant of concern because of its low allowable airborne concentrations.
The manual covers the topics of assessing workplaces for sources of airborne
plutonium, devising and managing systems for monitoring exposures to workers,
and documenting system and exposure data.

Because prompt detection of harmful contaminants is possible only with
accurate workplace characterizations, it is necessary to carefully assess
workplaces for plutonium sources and airflow in order to emplace monitoring
systems designed for each particular environment. Assessments include deter-
mining the sources of plutonium and discovering the airflow patterns by means
of a number of tested techniques (gaseous and smoke tracers, isostatic
bubbles, fluorescent particle tracers, or ice nucleus or nonspecific aerosol
particle tracers). It is then necessary to locate sampling equipment in areas
that will be representative of airborne plutonium concentrations received by
workers. Sample collection techniques must minimize particle losses, which
occur by settling, static charge, or other means; sampling must also avoid
particle buildup on the collecting medium, eliminate air in-leakage, and
resist corrosion or other reactions with ambient atmosphere. To maintain
system sensitivity, the flow rate and collection media must be suitably
efficient.  Requirements for airflow (both its control and measurement),
vacuum source reserves, and emergency power supply are also important in
system reliability. The testing of system components involves acceptance
testing of new equipment as well as regular inspections, calibrations, and
maintenance of existing equipment.

Various factors must also be considered for obtaining reliable instrument
readings. Continuous air monitors (CAMs) must detect the lowest possible
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| evel s of collected radioactivity in the shortest possible time while also
ensuring that spurious alarns are mnimzed. Besides the shielding, methods
of alarm and reliability of equipnent, the factors affecting the |evels of
detection and spurious alarns include the efficiency of detector and sanpling
units, volunetric rate of air sanpled, and nethods of discrimnating types of
radiation. The commonly used plutoniumair-sanpling instrunents nust be

mai ntai ned and cal i brated according to standards, preferably by a 12-step
calibration procedure.

Li ke the maintenance and calibration of instruments, documentation is
needed for evaluating the systems performance. Docunentation is required at
| east of sanpler inlet studies, sanpler design and sel ection, data collected,
calibrations and field response adj ustnents, and changes in the sanpling
systens or environnents.

The practices designated as essential for the proper functioning of a
system/program for pronpt detection of airborne plutoniumin the workplace are
as foll ows:

e A description of all the requirenents and characteristics of the system
shall be formalized in a witten statenent.

e The lower level of detection shall be the activity equivalent to 8 DAGh
averaged over a tine frame of 1 mn or |onger

A local data base of sources and characteristics of airborne plutonium
for specific work areas shall be maintained.

e The airflow pattern within the workplace to be nonitored shall be
determned prior to the placement of sanpling points and the activation
of pronpt detection systens.

e The nunber and |ocation of sanple extraction points shall provide
adequat e coverage to protect workers from exposure to chal |l enges
exceedi ng 8 DAG h.

e The transport systemshall be designed to mnimze particle |osses.

viii



The transport systemshall be designed to avoid |ocalized or
preferential areas of particulate buildup on the collection medium

The transport system between sanple intake and delivery to the
col lecting mediumshall be designed to [imt air in-|leakage to |ess than
10%

The transport systemshall be designed to resist corrosion or other
possi bl e reactions with the atmosphere sanpl ed and shall facilitate
decont am nat i on.

Air sanpl ing records shall include references to approved operating
procedures, including identification by procedure nunber, revision
and nodi fication nunbers, date, title, and author.

Witten records shall be |egible and retrievable.

Detection capabilities shall be maximzed by mnimzing the burial
losses in filter media and self absorption fromdust |oading.

The sanpl e-t o-detect or di stance shal| be m nim zed, considering
sanpl e col | ection requirenents.

Discrimnation for reducing the contribution of naturally occurring
al pha emtters shall be provided.

Spurious alarms shall be mnim zed.

CAM mai ntenance and cal i bration prograns shall be devel oped and
fol lowed to address nmechani cal and electrical conponents.

Periodi c performance testing and calibration shall be conducted at
| east annually. Results shall be docunent ed.
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GLOSSARY

Activity Median Aerodynamic
Diameter (AMAD)

Activity Median Diameter (AMD)

Administrative Action Level

Aerodynamic Diameter (AD)

Aerodynamic Equivalent Diameter (AED)

Airborne Radionuclides

Annual Limits on Intake (ALI)

"Blunt" Sampler

The aerodynamic diameter for a
lognormal distribution of diameters,
where half the activity present is
associated with particles less than,
and half of the activity is asso-
ciated with particles greater than,
the stated diameter.

The diameter (in any stated units)
for a lognormal distribution of
particles, where half the activity
present is associated with particles
less than, and half the activity is
associated with particles greater
than, the stated size.

The airborne concentration of a
radionuclide requiring some action
by personnel (e.g. , donning respira-
tory protection devices, evacuation
of workplace).

The diameter of a sphere that
exhibits the same aerodynamic behavior
(commonly the terminal velocity) as
the particle.

The diameter of a unit density sphere
that exhibits the same aerodynamic
behavior (commonly the terminal
velocity) as the particle.

Radionuclides suspended and carried
in the air within a workplace.

A secondary limit on the annual quan-
tity of a radionuclide, designed to
meet the basic [imit for occupational
exposure recommended by the ICRP.

An inlet to a sampler that has a large
flat area (generally many times the
area of the opening) surrounding the
opening.



Breathing Zore

Continuous Air Monitor (CAM)

Count Median Aerodynamic
Diameter (CMAD)

Count Median Diameter (CMD)

Cyclones

Derived Air Concentration (DAQ

Hxed Ssmger
ICRP

| mpactor

| soaxial

Commaly used designation for samples
collected at levels in the workplace
that are believed to apaFroximate the
height that air is inhaled by personnel
(normally 5 ft to 6 ft aove the floor).

Instrument that continuously samples
and measures the level of an airborne
radi onucl i de.

The diameter (in units of aerodynamic
diameters) when half the number of
articles present are greater than or
ess than the stated diameter.

The diameter (generally in units of
projected diameters) when half the
numbe of particles present are greater
than or less than the stated diameter.

An inertial, particle separation device
without moving parts. Particles are
separated from the carrier gas by
converting the inlet velocity into a
double vortex confined within a

cyl i nder.

The airborne concentration that equals
the Annud Limits on Intake (ALI) on
the assumption of a 50-wk, 40-h/wk
exposure. Equd to the Derived
Airborne Concentration found in ICRP
Publication 30 converted to conventional
units of curies.

A sampler (probe) at a fixed location
in the workplace.

International Commission on Radio-
logical Protection.

A device that samples aerosol particles
by size increments onto collector
surfaces.

In the same axis as (Earallel to) the
axis of major flow. For sample extrac-
tion purposes, the opening (inlet) of
the extraction probe should be perpen-
dicular (at right angles) to the domi-
nant flow direction of the stream

sampl ed.



Isokinetic Samding (with the
same motion)

Mass Median Diameter (MMD)

Measurement

Minmum Level of Detectability (MLD)

Monitoring

Portable Sampler

"Representative Sarg ing"

"Respirable” Size Fraction

A condition that prevails when the
velocity of air entering a sampling
probe or collector held in the air
stream is identical to the velocity
and axis of flow of the air stream
being sampled at that point.

The diameter (in any units stated)

for a lognorma distribution of
diameters, where half the mass present
Is associated with particles less
than and half the mass associated
with particles greater than, the
stated size.

The accurate quantification of
radionucl ides col Tected or sampled.

The smallest concentration of a
radionuclide measurable at a given
confidence level, in a stated period
of time, at a given flow rate, and
under specific background radiation
conditions.

The accurate quantification of a
"representative” sample of airborne
radionuclides by the continuous
generation of a siot%nal representing
the radionuclide of interest.

Instrument measuring the airborne
concentrations of radionuclides,
designed to be movad from area to
area.

The obtaining of airborne material
or a fraction of airborne material
(e.q., the "respirable" fraction

of airborne particles) for quantifi-
cation of their characteristics.

The fraction of airborne particles
that can be inhaled, transported
through the human respiratory system,
and deposited in the lungs. Con-
ventional |y, the conservative esti-
mate of all particles 10 3m AED and
less is considered the "respirable”
fraction.
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Projected Diameter

SAAM

Sampling

W Class

WOTAM

Y Class

The circle equivalent in diameter
to the area projected by the
particle at the plane of viewing
(a two-dimensional measurement).

Selective alpha air monitor.
Specific types of alpha-activity
CAMs .

The act of obtaining a fraction of
material to represent the whole.

A class of inhaled material with
clearance half times from the
pulmonary region of the lungs in the
range of 10 to 100 days.

Workplace transuranic air monitor.
Specific types of alpha-activity
CAMs.

A class of inhaled material with
clearance half times from the
pulmonary region of the lungs in
excess of 100 days.



1.0 INTRODUCTION

This manual provides guidance to U.S. Department of Energy (DOE)
facilities on the prompt detection of airborne plutonium within the workplace.
To introduce the topic, Section 1.0 provides background in the relevant orders
and standards, the objectives of prompt detection, a key to the terminology
used in this manual, and its applicability to warning systems for other
airborne particulates.

1.1 APRLICABLE DOOUMBENTS

A draft DOE order (5480.11, 4-5-88) provides specific regulatory 1imits
on airborne plutonium, and more general goals are suggested in several
relevant standards.

1.1.1 DOE Draft Order 5480.11 (8-3-87)

The regulation governing this area is Draft DOE 5480.11 (4-5-88),
Radiation Protection for Occupational Workers. The purpose of the Order is
"To establish radiation protection standards and program requirements for the
Department of Energy and Department of Energy contractor operations with
respect to protection of the Worker." The Order provides Derived Air Concen-
tration (DAC) values for plutonium in air (Attachment 1 in Order) as a func-
tion of lung clearance rate classes. For 239Pu, the DAC for W-class is
2 x 10712 uci/m and 6 x 107%% wCi/ml for Y-class.

The Order requires air monitoring in areas that have the potential to
exceed 10%of any DAC. The Order recommends that the monitors be capable of
measuring one DAC when averaged over 8 h (8 DAC-h). The Order further states,
"Ambient air monitoring systems shall be placed in strategic locations to
detect and evaluate airborne contamination at work locations."

The policy of the DOE, the Order states, is "to keep all radiation
exposures within the limits and as low as reasonably achievable.”

1.1.2 National and International Standards

The current standards [American National Standards Institute (ANSI)
N13.1-1969; International Standardization Organization (I1SO) 1975; Inter-



national Electrochemical Commission (IEC) 1983a, 1983b] are heavily oriented
toward duct and stack sampling and monitoring. None provides a detailed
discussion of workplace airborne contaminants, such as plutonium. The portion
in ANS N13.1-1969 that is devoted to worker protection (Section 4.2.1.1,
"Sampling in a Zone Occupied by Workers') is oriented toward exposure assess-
ment. Although mery of the concepts and principles of sampling found in the
guide are applicable to the prompt detection of airborne contaminants, they
address the problem generally. The pertinent sections in the proposed revised
ANS standard(a) (in Section 8.1.1, "Sampling During Routine Operations" and
Section 8.1.2, "Sampling for Emergency Response") are also directed toward
exposure assessment. Section 8.1.1 is more informative than Section 8.1.2 for
the purposes of prompt detection of airborne materials. The IS0 Guide con-
tains essentially the same information as the AN Guide. The two IEC stan-
dards are oriented toward electronic instrumentation used for effluent moni-
toring. A third ANS standard, ANI N317-1980, contains specifications for
the operating characteristics of continuous air monitors (CAMs) and contami-
nation survey instruments for plutonium, but it does not specify performance
criteria for the extraction, transport, and collection for the CAM.

1.2 OBECTIVE AND SOCHE

The objective of prompt detection is to prevent or at |east minimize the
exposure of personnel. To achieve this goal, the system must sample the air
that reaches personnel in the workplace and detect airborne concentrations at
a level that could result in significant exposure. Rapid and reliable detec-
tion of airborne plutonium, rather than a high level of accuracy and precision
required for some other airborne monitoring systems, is emphasized for the
types of systems described in this document. Indeed, plutonium was selected
as the initial airborne contaminant of concern in DOE facilities because of
its Tav allowabl e ai rborne concentrations [Derived Air Concentration (DAC)] .

(a) Draft AN N131. 1969. Guide to Air Sampling for the Control of
Occupational Exposures to Radioactive Materials at Nuclear FaciTities.




Those responsible for providing a system for the rapid and reliable
detection of airborne plutonium must consider the following areas of concern
in evaluating monitoring systems and working environments:

e the source and characteristics of the airborne plutonium released
to the workplace

e the airflow patterns and airborne transport of plutonium in the
workplace

e the location of personnel within the workplace during various
processing operations

e the location at which the airborne plutonium sample should be
intercepted to be representative of material inhaled by workers

e the ability of the system to transport an undistorted sample of the
airborne plutonium to the collection medum or measurement device

e the collection and retention efficiency of the collection medium,
if used, and the characteristics of the collection system design

e the efficiency of the measurement device in measuring the plutonium
collected

o the differentiation of plutonium from other materials present
e the accuracy and reliability required of the system

e the nature and amount of documentation necessary to substantiate
decisions mede about various aspects of the detection system and
to record tests determining its accuracy and reliability

e other objectives or characteristics stated for the system that
could affect the rapid detection of airborne plutonium (e.g.,
the level of airborne plutonium that must be detected).

Each of the following sections contains a detailed discussion of the
characteristics cited above, which are the basis for the guidance provided in
this report. Section 2.0, Information to Assist in the Selection of System
Characteristics and Requirements, discusses the aspects of the workplace and
sampling requirements that should be thoroughly characterized prior to design



and specification of sanpling. Sanple Extraction, Section 3.0, provides

gui dance on the characteristics of workplace sanple sites, which determine the
nunber, orientation, and placenment of sanple extraction probes. Quidance on
the choi ce of sanple delivery and col | ection systens for pronpt airborne

pl utoniumdetection is provided in Section 40. Section 5.0, Instrunentation,
provi des gui dance on the capabilities and operating characteristics of instru-
nents to measure the plutoniumcollected. In Section 6.0, Docunentation, the
col ' ection and mai ntenance of various docunents and data in a central data
base is recommended to substantiate the validity of systems used for the
pronpt detection of airborne plutoniumin the workplace.

The specifications for and the current availability of all instrunents
for pronpt detection of airborne plutoniumare beyond the scope of this docu-
nent. However, this docunment provides guidance on commonly used sanpling
instruments and on where to |ocate airborne-plutoniumnonitors to ensure the
early detection of airborne concentrations. The working group assunes t hat
these early detection nonitors are a requirenent of an overall worker protec-
tion system Qher requirenents, such as quality assurance, are not di scussed
here but are assuned to be part of the overall protection system

Certainly, it is not possibleto foresee all situations that may devel op
at various locations. Thus, the authors encourage a careful assessnent of
situations arising at specific sites when applying the gui dance.

13 TERM NOLOGY

The word shall is used in this manual to indicate a practice or equi pnent
specification that is considered to be essential to the proper functioning of
a pronpt detection systemfor airborne plutoniumin the workplace. The word
shoul d is used to denote practices or specifications that are not essential in
every case but shoul d receive consideration.

1.4 APPLICABILITY TO OTHER WORKPLACE MONI TCRI NG SYSTEMS

Al though the practices and specification in this manual are directed
specifically toward pronpt detection systens, they are generally applicable to
ot her workpl ace monitoring systens for airborne particulate materials. The



applicability of isokinetic sampling practices for airborne particulate mate-
rials in the workplace is questionable. Application of the isokinetic prin-
ciples requires knowledge of the direction and velocity of the air stream in
which the particulate materials are carried. Determining these parameters is
not a trivial task in the complex arrangements often found in processing
facilities. The definition of airflow patterns within the workplace recom-
mended in this manud will partially fulfill the requirement. Mog of the
particle transport and collection system practices are directly applicable to
all monitoring systems for airborne particulate materials. The practices and
specification with regard to instrumentation are applicable only to systems
for alpha-emitting plutonium although some mey be worth considering for other
radionucl ides.






20 INFORMATION TO ASSIST IN SELECTION OF SYSTEM
CHARACTERISTICS A\D REQUIREMENTS

Before the characteristics and performance requirements can be estab-
lished for a system for the prompt detection of airborne plutonium in the
workplace, information on various aspects of the system and workplace should
be collected. A description of all the requirements and characteristics of
the system should be formalized in a written statement. Guidance on writing
system requirements is provided in Section 2.1. An analysis shall be per-
formed of the three major variables affecting the transport of contaminants:
the plutonium particle size, the composition of the plutonium aerosol, and the
airflow patterns in the facility. The probable sources and characteristics of
the airborne plutonium released (e.g., its chemical compound and its particle-
size distribution) are discussed in Section 2.2. The airflow patterns within
the workplace that could transport the airborne plutonium to personnel are
covered in Section 2.3.

2.1 FORMALIZATION OF THE REQUIREMENTS OF THE PROMPT DETECTION SYSTEM

There are three considerations in determining the requirements for a
prompt-detection system for plutonium: establishing the objectives of a
system, deciding upon a level of detection, and choosing a type of detection
instrument.

2.1.1  Written Objectives and Records of Performance

To focus the effort on the essential items, to ensure that major con-
siderations are not missed, and to provide documentation, a written statement
of the objectives of a system for prompt detection of plutonium shall be
prepared. Written objectives allow the results of tests or studies to be
compared to their original purposes, to ascertain whether the objectives were
achieved. The objectives may be to retrofit a prompt-detection system for an
existing workplace, to assist in designing a system for a new facility, or to
test or upgrade a currently operating system. Requirements for achieving
various objectives might be radically different and will dictate different
levels of effort and equipment.



I't is alsoinportant to document the performance and characteristics of
the detection instrunents: their initial calibrations, the periodic checks
of their performance, the data that substantiate their reliability, and even
the information leading to a decision to sel ect one or another instrument.

Detai | ed gui dance on performance documentation is provided in
Section 6.0.

2.1.2 Level of Detection

For systens nonitoring airborne contamnation wthin the workplace, the
| oner level of detection recommended in the draft DOE Order as a performance
spec for instruments is "one DAC averaged over 8 h (8 DACh)." However, DCE
policy is to avoid any internal exposures.

To prevent or mnimze exposure of occupational workers to this level of
radi oactivity, the systens for pronpt detection shall detect and al armwhen
the workers are chal l enged by the equival ent level of airborne activity over
the sane tine frame. Thus, the lower limt of detection for pronpt detecting
systens shal | detect one DAC averaged over 8 h, 8h DAC averaged over 1 h,

16 DAC over 30 mn, 32 DACin 15 mn, 96 DACin 5 mn, and so on.

The lower limt of detection for a pronpt detection systemis influenced
by the many factors covered in this manual. Mst neasuring devices and system
paraneters have limtations, and the principal variable to increase the |ower
limt of detection for a systemavailable to the user is the sanpling flow
rate. Practicality also limts the sanpling flowrate, but the range is
relatively large.

|f a neasuring device(instrunent) has a lower limt of detection of
1 DAC averaged over 8 h(8 DAGh) at aflowrate of 1 cfm the instrunent can
detect (for Y-class material) 6 E-12 uCi/ml x 2.832 E+4 m1/ft3 x 60 min/h x
8 h=8ED5uCi. There are 222 E+6 dpm/uCi. Therefore, the instrunent can
detect the presence of 181 dpm The sane activity could be collected and
neasured in one-tenth the time (48 mn) at a sanpling rate of 10 cfm  Thus,
for the purposes of pronpt detection of airborne contam nation, higher
sanpling rates are desired.



2.1.3 Type of Detection Instruments

Another consideration is the type of detection instrument used. Although
highly accurate measurements are not essential for prompt detection systems,
the best available technology for these purposes should be considered. These
devices must be reliable because personnel protection i s dependent upon their
performance. Furthermore, they shall be calibrated and the calibrations
periodically verified. The initial calibration and periodic checks of the
devices, plus information to substantiate their reliability, shall be
documented.

In some instruments, a form of inertial separation is used to separate
the airborne natural radionuclides (radon-thoron and their decay products) to
prevent interference with the plutonium measurements. Other instruments have
electronic systems to separate the two counting rates.

Depending upon the lower limits of detection of the instruments, various
airflows mey be required to achieve the detection limit for the system. The
airflow requirements will be a consideration in the air mover and airflow
measurement devices to be used. The airflow requirements will also determine
the pipe/duct size needed to maintain the air velocity within the transfer
lines for the undistorted transfer of airborne plutonium particles. Because
the need to maintain isokinetic conditions during prompt sampling is not crit-
ical, the inlet/extraction probe is not affected by the airflow. Neverthe-
less, efforts should be made to retain as mery good sampling practices as
possible, as long as they do not require an increase in the level of effort or
compromise rapid, reliable detection.

Specifications of instruments appropriate to prompt detection of airborne
plutonium are discussed in more detail in Section 5.0.

2.2 DEMERMINATICN OF THE CHARACTERISTICS OF FOTENTIAL SOURCES
OF AIRBCR\E RUTCNUM

Both the potential sources and the characteristics of airborne plutonium
in the specific workplace are needed to properly determine the capabilities
required in a system. A local data base of the sources and characteristics of



airborne plutonium for specific work areas shall be maintained for this pur-
pose. All the information on the characterization of after-the-fact
evaluations of airborne releases that have occurred in the workplace shall be
included in the data base. Information on potential sources is especially
important for placing sample-extraction sites because such a site should be
located between the source and the personnel at risk. Thus, studies of work-
place environments should characterize airborne plutonium in glove box areas,
areas in which processing is occurring, or areas in which there are effluent
gases.

Besides the potential of airborne plutonium, the nature of the plutonium
particles should also be characterized. The size of plutonium particles and
that of the particles hosting them (if any) should be sought. The data in
these studies should give the particle size in terms of the aerodynamic
equivalent diameter (AED) to predict fluid dynamic behavior of the particles.

2.3 DETERMINATION AND ANALYSIS OF AIRFLOW PATTERNS

Airflow patterns are one major variable in sampler response to potential
plutonium particle releases in a given location (the others, noted above,
are particle-size distribution and composition of aerosol). Airflow patterns
within the workplace to be monitored shall be determined prior to the
placement of sampling points and the activation of prompt detection systems.
For existing and new facilities, this document provides information on where
to locate airborne plutonium particle monitors to give the earliest possible
warning of a release. (See Section 3.0 for a detailed discussion.) This
guidance is directed toward upgrading existing systems as DCE regulations
become more stringent. The guidance may also be of value as a basis for
experimental studies (e.g., mock-ups) of proposed faciliities to aid in design
criteria.

Whether for upgrading or projective studies, airflow patterns in a room
shall be defined before an effective prompt-warning system can be established.
Airflow patterns shall be determined for a reasonable range of ventilating
rates; the relationship of dispersion pattern and particle size, as well as
the speed of contaminant spread, should also be established. The condition of



variables existent at the time of testing must be well understood and the
testing repeated for conditions of significant change. Use of doorways and
hoods, automatic dampers, changing thermal sources, equipment and layout
changes, and rebalance of ventilation are examples of changing conditions that
can significantly alter airflow patterns. Periodic confirmation testing is
recommended.

Airflow studies should be related to potential sources of contamination,
e.g., work areas and associated equipment. Tests should define the airflow
past the potential sources to the known location of personnel. Furthermore,
information on the potential dilution of the pollutant plume during transport
is desirable. These are site-specific questions and draw upon past experience
in particular locations. Such site-specific information is needed to direct
monitoring studies to potential problem areas, so that air samplers are prop-
erly positioned.

The following sections review the commonly available techniques for dis-
covering airflow patterns. This overview includes descriptions of gaseous
tracers, such as helium and sulfur hexafluoride (SF6), smoke tracers and
isostatic bubbles, fluorescent particle tracers, ice nucleus particle tracers,
and nonspecific aerosol particle tracers.

2.3.1 Gaseous Tracers

Sulfur hexafluoride (SFG) is a widely used gaseous tracer, especially for
studies of building ventilation. The recirculation of building exhaust into
building intakes is often of concern (Barnett 1983). Also, clearance rates
for radon in homes have been studied with SF6 (Nazaroff 1983). Sulfur
hexafluoride is detected by gas chromotography or electron capture devices.
These devices are just becoming available for routine use (Benner 1984).

The French Atomic Energy Commission [Commissariat 'a 1'Energie Atomique
(CEA)] uses both SF6 and helium for acceptance tests of new facilities and
verification of existing ones (CEA 1984). The CEA has published results from
flow-pattern studies in plutonium-processing areas with helium as a tracer
(Vavasseur 1985). Vavasseur studied both puff and continuous helium tracer
gas releases into a work area. This was supplemented by the release of two



sizes of fluorescent particles (FPs) to compare the transport of gaseous and
particulate tracers.

2.3.2 S9noke Tracers and |sostatic Bubbles

Smoke bombs or candles have been used widely as air tracers in work
areas. However, these devices release heat and |ift the smoke, thereby dis-
torting norma flow patterns. "Cold smoke' or fog can be generated by atomiz-
ing a heated light oil or with small aspirated snoke tubes. Such smoke i s not
as dense as snoke from a snoke barb and does not seriously interfere with
work. In tests at the Rocky Flats Plant, a 5-min snoke borb filled a large
room in about 2 min. This was determined by photoelectric sanoke detectors set
to alarm at 2% obscuration.(a) At the same time, the spread of the sanoke was
recorded with a video camera. Smal smoke candles can also be used to trace
airflow in one glove box bay at a time.

A generator for isostatic bubbles, which float in the air with zero
buoyancy, was developed by the CEA. The bubbles, which are filled with air
and a small percentage of helium, can stay afloat for hours ((BA 1984). These
are useful for detecting flow direction. Mare recently, the Los Alamos
National Laboratory developed a similar device. Helium-filled balloons proved
most effective in following airflow patterns. (b) Video taping is the best
method for data recording.

2.3.3 Fluorescent Particle Tracers

These aerosol tracers have the advantage of more closely simulating the
inertial properties of plutonium-carrying aerosols than do gaseous tracers.
A solution of fluorescein or uranine dye (CEA 1984), which is nebulized and
dried, is a convenient source of tracer particles that can be detected by
fluorescent spectroscopy. However, special care should be taken with tests
using fluorescent dyes as tracers because the presence of other compounds
acting as quenchers of the fluoresence result in spurious measurements that
can inval idate test results.

a) J. Koffer, Rocky Flats Plant, personal communication.
b) Draft. Pickering, P. L., et al. 1987. "Test Ventilation with Smoke
Bubbles, and Ball oons."
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Scripsick et al. (1979) simulated the release of plutonium particles with
fluorescein in a plutonium-processing area. This included computer simulation
with the SOLA Code (Hirt 1978) to verify the observed flow patterns, which
were also tested with snoke bombs In the test room the air entered at the
ceiling on one side and |eft through two floor exhausts on the opposite side.
Eight fixed-filter samplers were used to collect the tracer at the glove
boxes, and the four continuous air monitors (CAMs) in the room were also used
as samplers. In this situation the air tended to flow along the ceiling so
that part of it was exhausted, but the rest recirculated below the level of
the glove boxes. Tracer was found throughout the room for a1l 20 sampling
points, which were at a height of 1.4 m. These integrated-filter samples
precluded knowledge of variations with time at the sample points.

The computer analysis was used to improve the clearance of particles from
the room by modifying the ventilating system. Similar tests were run in
another room with a ventilating inlet running down the center of the room and
exhausts in each corner. Greater variations in concentration were found in
this situation. Finally, calculations were mede to determine the release
detection probability for given sampler locations. This Ted to the optimiza-
tion of sampler locations and number.

Another particle tracer is aerosol zZnS, which can be detected by micro-
scopic counting under ultraviolet light illumination. The tracer particles
are collected on filters for analysis. However, the repeated use of these
particles mey lead to biased data resulting from resuspension of deposited
particles. Vavasseur (1985) used a combination of helium tracer gas and ZnS
tracer particles to determine flow patterns and distribution of particles
released to a workplace (see Section 2.3.1 on gaseous tracers).

2.3.4 lce Nucleus Particle Tracer

Ice nuclei (IN) are particles that nucleate ice crystals in supercooled
clouds. The IN concentrations in the atmosphere are very low. Only a few
chemicals, such as silver iodide and phloroglucinol, nucleate ice crystals
efficiently. These chemicals are released in three ways. by vaporization-
condensation as fine snoke particles in the 0.02- to 0.5-um range, by



atomization of solutions and subsequent droplet evaporation as particles in
the 0.2- to 5-um range, and by aerosolization of powders as particles in the
3- to 20-um range.

A single-particle, real-time detector is used to track the IN particles
(Langer 1987). The detector consists of a 10-L cloud chamber and associated
refrigeration equipment, weighing a total of 130 Ib (59.1 kg). The sensi-
tivity of the tracer is very high (the material can be detected in open air
over distances of 50 miles). However, the bulky equipment makes multipoint
sampling impractical, unless grab samples are collected with a syringe.
Although this procedure was used in two plutonium areas with useful results,
multipoint sampling wes deemed essential by the researchers for systematic
flow-pattern studies. The same conclusion was also reached by French workers
studying ventilation in plutonium areas (CEA 1984). Therefore, a laser
particle counter (LPC) procedure, described in Section 2.3.5, is being adapted
for wok at the Rocky Flats Plant.

The IN procedure provides real-time dispersion data and allows for the
study of tracer buildup to its final concentration, as well as clearance of
the tracer. Both buildup and clearance have been found to take 10 to 25 min,
even in one large processing area, depending on tracer release and sampler
location and air change rate (Langer 1987). The tracer was found throughout
the room and mixed rather uniformly from floor to ceiling. Very definite flow
patterns were also evident, and these persisted over the weeks of testing.

The effects of opening doors were also evident. The use of perforated ceiling
panels in one module did not produce a laminar downflow effect as expected.
Tracer concentration was a direct function of air change rate in one room but
not in the other. Time to first response (detection) did not depend on air
rate change.

2.3.5 Nonspecific Aerosol Particle Tracer

A nonspecific aerosol tracer is useful because instrumentation for count-
ing aerosol particles in general by optical means is readily available and
relatively inexpensive. Moreover, it provides data in real time, the detec-
tors can be multiplexed, and the data output can be routinely computerized.



A laser particle counter (LPC) system has been used with two particle-

size ranges, >0.5 um and >5.0 um, to study flow patterns (Langer 1987).
Commercial software and a multiplexer system to handle data from up to

64 detectors simultaneously are available. Other sensors, such as air veloc-
ity probes, can be incorporated into the system. A simple pneumatic atomizer
produced solid tracer particles from the evaporation of sugar solution
droplets.

The tracer aerosol generator is one of the critical items for a success-
ful aerosol tracer study. A generator is required that produces a narrow size
distribution, so its output is easily discernible above background aerosol
particles in the same range. Vibrating orifice atomizers are available to
produce nearly monodisperse particles in the 0.5- to 40-um range in high con-
centrations. A sugar solution or commercial syrup was used to avoid any
health or corrosion problems. The other option was to atomize an inert liquid,
such as corn oil or synthetic diffusion pump oil, to produce a coarser mist.

With two LPCs, the feasibility of this procedure could be demonstrated
only on a local scale, i.e., for only two to three glove box bays instead of a
complete room. Figures 1 and 2 present summary plots for two counters and
size ranges: one LPC (LPC1) was 30 ft from the source, while a second (LPC2)
was at a distance of 12 ft. The relatively constant concentration should be
noted for particles >0.5 um (Figure 1). This has been a consistent pattern
and probably reflects the aged background aerosol resulting from Denver
pollution. The concentration of particles >5.0 um (Figure 2) is more vari-
able. These particles are of local origin, many from the room itself, and
their concentration is two orders of magnitude less than the >0.5-um range.
The time span during which the tracer was released (Langer 1987) is shown in
each figure.

The time for the tracer to reach the LCPs is of interest because it is
one of the variables that controls the alarm time for plutonium. The time for
the first response was about 2 min for either detector. To reach equilibrium
tracer concentration after tracer arrival for the >0.5-um particles took 3 min
for LPC2 (the LRC nearest the source) while LPCI required 6 min. Three min-
utes were required for particles >5.0 um to reach LPC2, but no estimate could
be made for LPCl because not enough tracer particles >5.0 um reached the
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detector. Evidently, the larger particles settled out before reaching LPCL1.
This is an important observation.

This means that large particles, which would be expected to carry most of
the activity spreading from a leak, will contaminate the room surfaces. How-
ever, at some distance from the leak, personnel will not be affected as much.
This sedimentation of particles also suggests that the response of the
Selective Alpha Air Monitor [SAAM (the type of CAM used in the Rocky Flats
Plant facility)] will be poor unless the SAAM is close by. This result
supports the contention that a tracer should be particulate and include larger
particles (i.e., a gaseous tracer alone could be misleading.)

The decay time to background levels after the tracer generator is shut
off is of importance. The time was about 13 min for either detector for the
>0.5-um particles. For the larger particles the decay was about 8 min at LPC2
and not discernible at LPC1., Again, settling of the large particles is
evident.

The data given above were in good agreement with previous IN tracer work
at the same location with submicron particles (Langer 1987), except this
tracer did not allow the study of particle inertial effects.

2.3.6 Summary of Airflow Tracer Techniques

Gaseous tracers do not address inertial effects exhibited by larger
aerosol particles. A gaseous tracer is not practical when filtered recircula-
tion is used in a ventilating system because the gas is not removed and would
not reflect the behavior of airborne particulate materials.

Particulate or aerosol tracers, which can take a number of forms, are an
obvious alternative. For qualitative work, visual observation of a smoke
tracer has the obvious advantage of simplicity and economy. However, smoke
interferes with ongoing work, and the smoke generator may cause local
convection that distorts normal flow patterns. Instead of smoke, isostatic
(neutral buoyancy) bubbles provide very useful visual flow direction and
velocity data. A system of anemometers can measure flow velocities directly,
but routine determination of flow direction at low velocities is not currently
a readily available technology. Fluorescent particles provide a unique
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signature in the presence of background aerosols. The introduction of an ice
nucleus aerosol provides another unique marker. A nonspecific aerosol can be
released as a tracer, but its concentration must be high enough to be detected
above the background aerosol.

Soe of the principal advantages and disadvantages of the major airflow
tracer techniques discussed are shown in Table 1.

TABLE 1. Comparison of Techniques to Determine Airflow
Patterns Within the Workplace

Technigue

9moke bombs/candles

| sostatic bubbles

Tracer gas

Tracer aerosols

Advantage

Required equipment is
readily available

Provides visible
evidence of airflow

Visible
Mare persistent than
e

Quantitativefor
noncondensibl e gases,
reasonable facsimile
for particles <2 um

Can be quantitative

Disadvantage

Semiquantitative

Can limit visibility,
cannot perform during
operations

My Teave objectionable
resi due

May generate thermal
plunes

Semiquantitative

Objectionable during
operations

Can leave undesirable
resi due

Can require large array
of detectors

Choice of tracer gases
limited

Complex requirement, choice

of tracers Timited

Large array of gas and
particle detectors, as
well as velocity and
temperature detectors,
are needed



3.0 SAMPLE EXTRACIICN

The importance of proper location of sample extraction probes for prompt
detection of airborne plutonium cannot be overstated. Proper placement of
sampling probes requires considerable experience in operating facilities. 1In
addition to discussing the location and numbers of extraction sites, this
section provides guidance on sample probe design and orientation. The nexd
for fixed and portable extraction probes is also addressed.

3.1 PROBE LGCATIONS AND NUMBER

The location and number of extraction sites depend an the degree of
coverage desired or needed to warn personnel of airborne contamination.
Physical restraints and economic considerations likewise mgy limit the
location and numbar of extraction probes. The number and location of sample
extraction points shall provide adequate coverage to protect workers from
exposures to challenges exceeding 8 DAC-h. ldeally, each work station where
routine operations with potential for releasing plutonium are carried out
would have an extraction probe. Because ideal monitoring arrangements often
do not exist and complete mixing of room air rarely occurs, the placement of
sample probes or the CAMs should represent a combination of ventilation flow
data and operating experience. May facilities tackle this problem by using
fixed samplers at or in the room exhaust ducts and a mobile CAM placed close
to a particular job with high airborne contamination potential. W portable
units are not used (due to space, noise, or other limitations), extraction
probes, positioned so as not to interfere with the worker or work, gy be
mounted on or near glove boxes, where the highest potential for leaks exists.
Such mounted units, which could serve as the "primary warning system,” should
be supplemented with sampling of room exhaust if experience and airflow data
support this arrangement.

In locating sampler inlets at or in exhaust ducts with an area greater
than 1 ft2, consideration should be given to providing more than one sample
inlet in order to ensure representative sampling. If ventilation pattern
studies confirm good air mixing before reaching the exhaust port, then the
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central location of one inlet mey be justified. If localized airflow patterns
from potential release sources are observed at the exhaust port, then more
than one sample inlet should be considered, with manifolding of the several
inlets for delivery to the detector. Guidance from Appendix A3 in ANS

N 13.1-1969 (ANS 1969) nmey be useful in arriving at the desired number of
sample inlets and their locations.

Downflow ventilation patterns (supply from ceiling, exhausts near floor)
with demonstrated clearance of airborne contamination mey call for sampling
probes in locations below the workers' breathing zone to provide the earliest
warning.

N sampling device should be positioned where it "overcomes" the contain-
ment barrier exhaust, thereby causing an airborne contamination reversal.

If justified by documented studies, the user mey employ other sample probe
arrangements.

3.2 PROBE ORENTATION

Sample probe orientation for warning systems depends on the type of
sampler/monitor used. Whee the sample probe or pipe leads to a collector/
detector system, the opening of the probe should optimally be facing toward
the source of contamination. The probe should be rigid and tapered on the
outer edge to extract aerosols without significant perturbation of the flow.
Blunt samplers can result in the loss of particles because of turbulence at
the opening (Mark, Vincent, and Witherspoon 1982; Vincent, Emmett, and Mak
1985).

Although isokinetic sampling principles are not strictly applicable to
air monitoring in the workplace, it is still desirable to avoid particle dis-
crimination mechanisms at the sample entry point.

Sore facilities use a close-coupled sampler/coilector/detector combin-
ation that does not meet the probe design considerations of ANS N 13.1-1969
(ANS 1969) but mey prove to be the best warning device. These collectors
should be evaluated for aerodynamics to optimize particle collections.
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3.3 FIXED VERSUS PORTABLE EXTRACTION PROBES

Whether extraction probes are fixed or portable, the user should observe
as many good practices of aerosol sampling as possible without compromising
the intent of the early detection system. Because of the mobility of workers,
a combination of fixed and portable systems will likely be needed to monitor
the working environment. While fixed probes may provide the simpler arrange-
ment, the need for flexible, unobtrusive probes (whether attached to a port-
able CAM or a remote monitor linked to a central vacuum system) may make the
ANSI N13.1 guidance difficult to follow.
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4.0 SAVRE DHIVERY AND GOLECTION SYSIEMS

Every aspect of the overall rapid detection system must support the broad
objective, which is to optimize the collection, detection, evaluation, and
documentation of significant amounts of plutonium particles in the workplace.
The portion of the system that encompasses the mechanisms for sample transport
to the collector, as well as the collector itself, must be as carefully
designed, operated, maintained, and calibrated as any other portion of the
overall system.

This section discusses the guidelines that are considered important to
optimizing both the delivery of particles to the sample collector and the
collection of those particles for presentation to the detector. Standard
approaches are also recommended to meet the guidelines.

The discussion that follows is presented in five maor categories:

e guidelines for sample delivery

e guidelines for sample collection

e airflow control and measurement requirements
e Vacuum source and backup requirements

e reliability of system components.

4.1 GUIDELINES FOR AVRE DEIVERY

Even though great care has been taken to ensure that points of sample
extraction fulfill the objective for as-early-as-possible detection of
plutonium aerosols in the workplace, the methods employed for sample intake
and presentation to the detector are also critical to the effective
performance of the sampling-instrument system.

Two types of sample collection systems are considered acceptable for
prompt detection of airborne plutonium aerosols. One system provides for
collection of particles on a filter medium that is continually "viewed" by an
alpha detector. An alternative system use an annular impactor for separation
of particulates into two size ranges: 1) heavier particles of plutonium and
those greater than approximately 1-um AED are impacted and held on a
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scintillator-coated planchet that is continuously "viewed" by a photomulti-
plier tube; and 2) smaller particles of <1 um, typically associated with radon
decay particles, remain entrained in the airstream as its direction is
reversed by the impactor device.

Optimal performance in the sample delivery portion of these systems
requires a design that

e shall minimize particle losses by various mechanisms (e.g., gravimetric
settling, impaction, static charge)

e shall avoid localized or preferential areas of particulate buildup
on the collecting medium

e shall eliminate air in-leakage (less than 10%of the sampling flow)
between sample intake and delivery to the collecting medum

e shall resist corrosion or other possible reactions with the
atmosphere sampled and facilitates decontamination.

Standard approaches to meet these guidelines are considered in the following
sections.

4.1.1 Minimizing Particle Loss

In bringing the air sample to the detector, particle loss by impaction
and other mechanisms can occur in two ways. 1) significant loss of particles
can occur in a sample transport line to the instrument, and 2) loss can occur
within the portion of the instrument where the sample i s presented to the
collecting medium.

W a sample transport line is necessary, losses should be minimized by
meeting the following conditions:

e The transport line should be mede of conductive material with a
smooth interior surface.

e The transport line should be a single rigid tube with an internal
diameter sized to achieve at least 0.5 m/sec (100 ft/min) linear
velocity. Whee it becomes necessary to use flexible tubing, a
conductive surface tubing should be chosen.



e The length of the transport tube should be as short as possible, and
any length greater than 6 ft should be wel7 studied and justified by
other overriding factors. Horizontal runs should be minimized to
prevent gravimetric settling.

e The transport tube should have no more than one bend with the bend
radius at least 5 tube diameters.

The arrangement of sample flow within the instrument is predetermined in
the case of commercialy available instruments. W choices are available
for filter-type systems, preference should be given to designs that maximize
the smooth flow of the sample to the collection medium. In these systems,
designs should be avoided that cause abrupt directional changes in the flow
path or which result in a jet-like introduction of the sample that will cause
impaction and Toss of particles on the chamber walls.

4.1.2 Minimizing Sample Self-Absorption

Because the function of the air monitoring system for plutonium aerosols
depends upon the detection of alpha particles, it is important to maximize the
efficiency for detection of the alpha radiation. It then becomes important to
have the detector view a thin, evenly dispersed collection of particles from
the air sample. Pile-up of agglomerated particles, along with dust and other
particulates in the work atmosphere, produces significant loss in alpha
detection capabil ity due to self-absorption affects. Frequent sample changes
(daily) are strongly recommended to minimize atmospheric dust 1oading that
could interfere with alpha counting. (See Section 4.2.4 for additional
information.) Consequently, the sample flow to the collector medum should
produce an evenly distributed collection of particles with approximately the
same surface dimensions as the detector. Conversely, the detector should be
sized to fit the desired sample dimensions in order to maximize the counting
efficiency.

4.1.3 Eliminating Air In-Leakage

For filter collection systems, air leakage between the sample intake and
the sample collection medum should be virtually eliminated to the greatest
degree possible by instrument design. Veoum seal mechanisms should be easy



to operate and easily maintained. O-rings are generally required and should
be chosen and specified for characteristics of long life and capability to
retain dimension and resilience. Procedures should be employed for routine
checks of air in-leakage. Ome of several approaches mey be used:

1. The leakage mey be checked by gently blocking the air inlet and
observing whether any flow is indicated by the airflow meter
associated with the instrument. Care must be taken because the

detector and filter medum mey be damaged by abrupt pressure
changes.

2. The instrument mey be isolated from the usual vacuum source, and a
vaouum pulled on the system to a set point, with loss of vacuum
noted by gage.

3. The tracer or other leak-testing techniques mey be conducted per
ANS Lek Testing Standard N 14.5-1987 (ANS 1987). Air in-leakage
should be less than 10%of the nominal flow rate.

4. Rotometers mey be positioned up- and downstream of the section to be
tested, and the differential reading (with appropriate corrections
for pressure differential) used as an index of in-leakage.

The second or third approaches are not amenable to testing a system in
service, but should be considered for acceptance testing of new equipment and
testing of equipment removed from service for calibration or repair. Some
systems have a low flow alarm that will be activated by these tests and,

particularly for field testing, provisions should be mede to inform affected
personnel of the test.

4.1.4 Minimizing Deterioration and Facilitating Decontamination Capability

Where the sample intake i s separated by distance from the instrument,
adherence to the foregoing standards for conductive, rigid, single-piece
sample delivery tubes typically results in the choice of stainless steel for
these tubes. This choice will satisfy the criteria for a delivery tube that
has a long Tife and does not corrode or deteriorate under conditions of
workplace sampling. The use of flexible plastic tubing should be avoided for
reasons concerning deterioration with age and susceptibility to kinking and



particle losses caused by static charge. The choice of stainless steel tubing
will also facilitate decontamination of the sample delivery tube, should that
become necessary.

The system and mechanisms within the instrument for sample collection
also should be designed and constructed to minimize deterioration and to
facilitate decontamination. The filter/collection medium holder should be
easily removable for decontamination, and easy access for decontamination
should be provided to the sample distribution system within the instrument and
to the detector. Annular impactor devices require periodic inspection and
cleaning to ensure against buildup of inert or contaminated materials.

4.2 GUIDELINES FOR SAMPLE COLLECTION

The sample collection system for rapid detection of plutonium particles
in the workplace should be designed and operated to optimize various char-
acteristics important to achieving a desired level of sensitivity. Most
filter-type instruments for rapid detection of airborne plutonium use an alpha
spectrometry approach to eliminate a major portion of the alpha activity con-
tribution from natural background. Consequently, a major feature of the
collection system should be to minimize the degradation of alpha particle
energies within the sample itself and within the collecting medium. While
less critical for impactor-type instruments, it is also important to minimize
loss of alpha particles within the sample and to quantify typical collection
efficiencies.

The characteristics of the sample collection system design and operation
believed most important are as follows:

e The sampling rate should be an acceptable compromise between a high-
volume flow to capture as large a sample as feasible and the prac-
tical limitations of physical features, collecting medium and
detector size. For impactor systems the sampling rate must be
maintained to achieve the size fractionation design feature.

e The physical dimensions of the collection medium should be approxi-
mately comparable to detector size and maximize particulate collec-
tion efficiency for particle sizes of interest.



e The col |l ection medi umused should mnimze particle burial wthin
the mediumand present a relatively lowresistance to airflow The
medi um shoul d al so be anenabl e to other methods of anal ysis, when
desired(e.g , it should have negl igibl e background count contri-
bution, present no interference to the analysis nethod, and be easy
to process).

e The frequency of change of the sanple collection nedi umshoul d be
gui ded by sanpl e | oadi ng experience, specific workplace needs, and
experience with optimal sanpling periods to obtain sanples contain-
ing the amount of activity for the optinal discrimnation of natur-
all'y occurring activity.

The standard approaches recommended to meet these guidelines are dis-
cussed bel ow

4.2.1 Sanple Fl ow Rate Consi derations

Al though | ower |evels of sensitivity in terns of DAGh to arrive at a
valid alarmlevel can be achieved by high-volune air sanpling(sanpling rates
greater than 20 scfn), practical considerations usually dictate that an
accept abl e conprom se be nade. These consi derations include sizing of vacuum
source and supply systemfor central -vacuum fixed installations, and portable
units; sizing of the instrument itself; and sizing of the collecting mediumin
order to achieve optinal retention, prevent sanple blowoff, prevent sanple
burial in the filter medium and prevent deterioration of the filter nmedium
Experience has shown the followi ng sanple flowrates to be commonly achi evabl e,
considering the factors invol ved:

e for the inpactor-type CAMs, a fiow rate of about 40 scfm
o for 47-nmdianeter filter nedia, a flowrate of about 2 scfm
o for 25-mm-diameter filter nedia, a flowrate of about 1 scfm

For the filter mediumcollectors, the flowrates indicated above produce a
linear velocity through the effective area of the filter in the range of 60 to
100 cm/sec.

The choice of flowrate al so nust consider the capability of the vacuum
source for the anbient pressure conditions at the facility location. Ar
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movers at locations appreciably above sea level will have Tess capability (in
standard cubic feet per minute) than those at sea level.

Whn filter media are used, a backup support that produces negligible
pressure drop shall be used behind the filter to prevent cupping and medum
deterioration. The medum chosen should also be strong enough to maintain
integrity at the sample flow rates and during handling before and after
sampl i ng.

4.2.2 Desired Characteristics of the Collection Medun

The collection medum used should have a high efficiency for collection
of particles in the size range of interest. This size range is generally con-
sidered to be from | to 10 vm. The collection efficiency should be greater
than 90%.

Typical filter pressure drop and collection efficiencies for 1-um AED
particles are shown in Table 2.

TABLE 2. Particle Collection Efficiency and Typical Pressure Drop
for Selected Filter Types (Liu, Pui, and Rubow 1983)

_ Pressure _
Velocity, Orop, Collection
Filter Type cm/sec cm/Hg Efficiency, %
Cellul ose(a) 45.2 3 94.4
124 10 99.1
Glass Fiber 43.7 3 >99.9
141 10 >99.99
Membrane (3-um) 72 10 >99.99
131 .0 >99.99
Meambrane (5-urn) 59 6 >99.99
98 10 >99.99

(a) It should be noted that cellulose filters are not recommended
as CAM filter media because of significant "burial” of
particles in the matrix of the filter.



High pressure drop can reduce flow. Glass fiber filters sow a moderate
degree of pressure drop, while membrane filters dow a significant pressure
drop that increases with decreasing pore size. For membrae filters, a
nomind pore size <1.5 um gives a reasonable compromise between particle
collection efficiency and airflow resistance.

In the impactor-type CAM, the heavier particles are collected on an
optically transparent plastic planchet that is coated with Zns (Ag) and a thin
film of a silicone fluid. Collection efficiencies are found to be 90%and
greater for particle sizes >0.5 um.

To optimize the geometry affecting the counting efficiency, the collec-
tion medum size and detector size should be approximately equivalent. It is
highly desirable to achieve a 2r counting efficiency from the geometric con-
figuration of at least 10%. Greater efficiencies are highly desirable.
(Counting efficiencies of approximately 40%are observed with the impactor-
type CAM) Note: In comparing count results with DAC values as in
calculating the lower limit of detection, a 4r counting efficiency mus be
used rather than 2r, -

The spacing between detector and sample should be small to minimize
degradation of alpha particles by air absorption, but not so small as to
adversely affect the counting efficiency and to result in particle losses
created by impaction an chamber walls.

4.2.3 Burial Loss and Pressure Drop Considerations for the Collection Medum

The sample collection medum used should minimize the loss of capability
to detect emitted alpha particles at or near their true energies as a result
of burial of particulates in the matrix of the filter or within the mass of
sample collected. Both glass fiber filters that have a random meh of fibers
and membrare filters that have a controlled pore size are commonly used for
rapid detection airborne plutonium monitors. BEven though the cost is greater,
the use of membrane filters is recommended for filter-type sample col 1ectors.
Mamlrare filters offer advantages in decreased burial loss of particles, which
enhances alpha spectrometry, and are more amenable to other analytical methods
if that should be desired for further characterization of the sample. With
proper selection of pore size in a manrane filter, it is also possible that a
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portion of the naturally occurring particulates, which are, typically,
extremely small particles, mey pass through the filter.

Although membrane filters are recommended because of their surface
deposition characteristic, properly chosen glass fiber filters also
efficiently collect the particle sizes of interest on the surface of the
medium.  Higby (1984) investigated alpha counting losses for a particular type
of glass fiber filter medum (HV-LB5211). These data should be indicative of
the performance to be expected from similar glass fiber filters. In general,
Higby found that 10 to 15%of alpha particles from Pu0,, aerosols were lost for
counting by burial within the medium; loss of alpha particle resolution was in
the order of 2%. His investigation included particle sizes ranging from 0.66
to 3.07 um at linear sample velocities ranging from 50 to 200 cm/sec. His
study confirmed that glass fiber filters tend to be surface collectors,
particularly for particle sizes larger than 1 um at linear velocities typical
for filter-type CAMs. FHam these data it appears that burial of particles
should be considered but is not a maor source of error when carefully chosen
glass fiber filters are used for the CAM sample collection medium.

For the impactor-type CAMs, an annular deposition of particles occurs on
the surface of the silicone fluid-covered scintillation material. This is
primarily a surface collection phenomenon; however, excessive use of coating
fluid and excessive buildup of the sample deposit can cause a significant loss
of alpha particles by absorption. These factors must be controlled.

4.2.4 Freguency of Sample Change

The frequency of sample changing for rapid detection monitors shall be
determined by considering needs and limitations of the workplace. The
rationale for sample change frequency shall be well thought-out and docu-
mented. The establishment of a sample change frequency should consider:

e minimizing the atmospheric dust loading on the sample

e establishing an acceptable "routine™ for servicing and inspection of
the instruments

e establishing a special surveillance schedule for high risk potential
wark phases
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e establishing a rew baseline after an alarm and when controlling or
corrective actions have been taken

e providing a schedule to accommodate special needs per work shift or
per operational phase.

It i's recommended that the collection medum be changed at |east once a
week. Daily changes are strongly advised to minimize atmospheric dust loading
on the collector.

4.3 AR AOW GNIRL AND MEASLREVENT REQUIRBMENTS

Each instrument for rapid detection monitoring of plutonium aerosols
should be equipped with a reliable airflow rate measuring device. In addi-
tion, the flow rate should be adjustable at or very near the instrument.
While accuracy in the airflow rate measurement i s not extremely important for
rapid detection instruments, the nominal airflow rate should be the minmum
value throughout the period of sampling. 1t is recommended that higher flow
rates be no greater than 20%of the nomina value.

Maintenance of flow rate can be provided by flow control devices that
adjust flow rate to compensate for filter loading. Because excessive filter
loading is detrimental to particle detection and the alpha spectrometry
feature employed by most CAMs, it is preferable to maintain a periodic (once
per shift or once per day) surveillance of instrument status, including the
airflow rate. Cases of rapid and significant loss of flow rate should
indicate the need for increased frequency of sample collector change.

Mog commercially available CAMs are provided with simple rotometers for
measurement of airflow. The rotometer is a variable diameter tube containing
an indicator float. The aerodynamic forces of the airflow within the tube
raise the float to a level proportional to the airflow. The accuracy of the
rotometer is affected by the degree of internal cleanliness and variations in
nonstandard conditions for the air flowing through the tube, e.g., pressure
and temperature. A new rotometer can be expected to be more accurate than one
that has been in service for some time. Recalibration of CAM rotometers
should be performed at least annually, with corrections mede for conditions of
actual use. (Note that the rotometer in this use is operating in a system at



less than atmospheric pressure.) [t is highly recommended that initial and
recal ibrations be performed using a mass flow meter with its cal ibration
traceable to a National Bureau of Standards (NBS) standard. These devices
use a measurement of heat dissipation to measure airflow, are more accurate
than rotometers, and offer negligible pressure drop in the system. The
indicated flow rate is for "standard" conditions of temperature and pressure.

It is recommended that, when feasible, consideration be given to use of
mass flow meter devices for measurement of airflow at the instrument. Tn some
applications, a mass flow meter mey be considered susceptible to breakage
under field operation or calibration conditions. In those cases it is
recommended that the field calibration device be bench-calibrated with a mass
flow meter.

4.4 VACUUM SOURCE AND SYSEM BACKUP REQUIREMVIENTS

A reliable source of vacuum with adequate reserve capacity is necessary
for individual or multiple CAM systems. Single or portable instruments should
be equipped with a positive displacement vacuum pump with adequate and reserve
capacity to provide the desired airflow rate. As indicated earlier, facilities
at higher elevations will require added pump capacity to provide the desired
sampling rate. The vacuum pump should not overload at the desired sampling
rate and should be powered by 110 V (ac). Multiple, fixed-unit CAM systems
should be hard-piped and manifolded to a central vacuum source with adequate
and reserve capacity to provide the desired sampling rate for al1 monitor
instruments. Care must be taken in the design of the manifolding and pipe run
system to provide adequate sampling capacity at remote points in the system.
Individual or central air movers should be equipped with a low flow rate alarm
signalled to an appropriate location for response actions.

It is highly recommended that a central source of vacuum be backed up by
a redundant spare unit to eliminate the possibility of system downtime for
repair. Ary major system downtime could result in curtailment of operations
in the facility.

Although somewhat controversial, consideration should be given to the
need for a supply of emergency power to fixed instruments and to their source
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of vacuum It is usual practice that operating personnel evacuate their work
areas when a | oss of electrical power occurs. Thus, the need for further
war ni ng capability may not be necessary. On re-entry, however, it may be
beneficial to know whether aerosol releases have occurred in the interim |f
energency power cannot be supplied to all instruments, consideration should be
given to providing that capability for instrunents in representative and/ or

hi gh-risk | ocations.

45 RELIABILITY OF SYSTEM COVPONENTS

The reliability of the conponents of the sanple delivery and collection
system and their interactions, are just as inportant as the reliability of
the instrunent portion of the total rapid detection system These conponents
shall be designed, nmaintained, and calibrated to reproduce their functions
over a long period of time and under varied environnental conditions.

451 Specifications

The specifications for sanple delivery and col |l ecting system conponents
shoul d be devel oped with care and engi neering input whether procurenent is
from comrercial vendors or fromin-house sources. Specifications shoul d
ensure, as applicable, that

e Itemwll be user- and naintenance-friendly.

e (Construction material and surface finishes wll resist corrosion,
mnimze particle | osses, and sustain decontam nati on.

e Conponents can be nade accessibl e for inspection, maintenance, and
cl eani ng.

e Collection nediumwll collect particle sizes of interest with high
efficiency and mninal self-absorptioneffects, concomtant with
accept abl e pressure drop.

e The systemw || have negligible in-Ileakage of air.

e Arflowneasurement devices wll present no anbiguity in readout,
show adequat e sensitivity, and give continued reproduci bl e service
over a long time period



e Ar nmovers will maintain adequate capacity plus reserve over a |ong
tine period. Their noise |evels should be within acceptable limts.

e Energency power Wil be suppliedto central vacuum sources or to
selected individual units.

4.5.2 Acceptance Testing

New equi pnent shoul d be subjected to acceptance testing agai nst specifi-
cations, at |east on a statistical basis. A though acceptance testing of
filter media is not generally feasible, equi pment should be procured froma
reput abl e vendor and visually inspected for nechanical defects. Were pos-
sible, sanple collection efficiencies should be [ocally verified.

4.5.3 |nspections

Periodic inspections are vital to maintainingreliability in operation
for most conponents of the sanple delivery and col |l ection system Periodic
I nspections shoul d incl ude:

e condition of sanple transport lines (e.g., cleanliness, deterio-
ration, W ockage, water)

e condition of Grings and seals

e tests for air in-leakage

e detector and sanple collection chanber contamnation and cl eanl i ness
e cleanliness of airflow neters

e | oading experience for collectors(excessive |oading indicates need
for nore frequent sanpl e change)

e nechanical perfornance of air novers.

4.5.4 Mintenance and Calibration

A formal programfor maintenance and calibration of sanple delivery and
col l'ection conponents should be integrated into the instrunment maintenance and
calibration program A high priority for repair and maintenance nust be
establ i shed for these conponents. Particular attention should be given to the
periodi c, docunented calibration of airflow measurenent devices.






5.0 INSTRUMENT SPECIFICATIONS FOR EFFECTIVE EARLY DETECTION
OF AIRBORNE PLUTONIUM IN THE WORKPLACE

The measurement instrumentation quantifies the amount of airborne plu-
tonium present. |If the other components of the prompt detection system oper-
ate properly, a well-chosen, well-calibrated, and well-maintained instrument
will provide the correct airborne plutonium concentration and activate the
alarms at the proper times.

The various factors that should be considered to obtain a reliable
instrument for the measurement of airborne plutonium are discussed in this
chapter, along with the impact of some of the characteristics of other
components of the system on instrument performance. The information in this
chapter is included to emphasize the interrelationship of all components of
the system for proper operation of the entire system. The lower 1imit of
detection and the performance characteristics of detectors and filters are
discussed in Sections 5.1 and 5.2, respectively. Reliability criteria are
given in Section 5.3. Section 5.4 provides details on good practices of
maintenance and calibration. Finally, Section 55 covers the characteristics
of commonly used plutonium air-sampling instruments.

5.1 LOMR LIMIT O DETECTION

The primary purpose of any CAM is to detect the presence of airborne
radioactivity and activate an alarm to warn personnel in the area so that
actions can be taken to minimize personnel exposures (ANSI N317-1980). The
lower limit of detection for prompt detection systems shall be 8 DAC-h,
averaged over any time period exceeding 1 min. With this purpose in mind, the
goal for any CAM should be to perform this function as quickly as possible and
at the lowest detectable level of the radioactivity of concern. The quantity
of airborne radioactivity that will result in an alarm within a given time
interval is defined in units of DAC-h for a particular radionuclide and is a
function of the nuclide's airborne concentration in DACs, the sampling rate,
the lower limit of detection for the instrument, and the time needed for the
alarm to occur. The lower limit of detection may be affected, however, by



spurious alarms caused by interference from natural airborne radioactivity, an
electromagnetic field or Tine perturbations, or other factors. |f excessive
spurious alarms occur, prompt responsive action by personnel will decrease and
the CAMs will not serve their intended purpose. Therefore, optimization of a
CAM involves providing the detection of the lowest possible level of collected
radioactivity in the shortest possible time while simultaneously ensuring that
spurious alarms are minimized to an acceptable level. The acceptable level of
spurious alarms i s arbitrary and subjective and depends upon such factors as
the specific use of the instrument and the number of total instruments at a
facility.

5.2 DETECTION AND HLTER CHARACTERISITICS

A number of different factors affect the level of radioactivity that will
be detected by an instrument in a given amount of time and the probability of
experiencing spurious alarms. Besides the volume and rate of air sampled
(already covered in Section 4.2.1), maor factors include 1) efficiency of the
radiation detector and sampling unit; 2) methodology for radiation discrimina-
tion and natural airborne radioactivity compensation; 3) methodology for
alarming the instrument; 4) shielding for extraneous sources of interference;
and 5) mechanical /electrical reliabil ity and ruggedness. These factors are
discussed below.

5.2.1 Efficiency of the Radiation Detector and Sampling Unit

The efficiency of the detector is related to the inherent detector sensi-
tivity, the geometry of the detector in relation to the filter medum or sam-
ple chamber, and the characteristics of the filter and unit operation. These
characteristics include burial of radioactivity in the filter, attenuation due
to dust loading, and self-attenuation. Consideration shall be given to each
of these factors to maximize the detection of radioactivity upon the filter.

Mog modern, commercially available alpha-continuous air monitors employ
solid-state surface barrier and/or diffused-junction detectors, with the
latter type being generally preferred because of their better durability in
harsh environments. These detectors typically exhibit an inherent efficiency
for alpha-particle detection in the range of 8 to 30% (2= geometry), depending



upon the commercial manufacturer, with degradation of the efficiency resulting
with prolonged use. Ten percent should be considered to be the lower accept-
able efficiency limit for this type of detector. The size of the detector is
also important. Because of cost limitations, the detectors in most commercially
available CAVs are about 500 mmz; however, as costs decrease, the use of

larger detectors, approximately 2000 mmz, may soon become preferable to the
smaller ones. The sample diameter should approximate the detector diameter to
avoid losses in detection efficiency.

The distance of the filter from the detector is another important factor
for alpha CAMs. Scattering and energy degradation of the alpha particles by
burial in the filter medium and in the intervening air produce in both
decreased detector efficiency and poor spectral resolution for spectroscopy
instruments. Therefore, this distance shall be minimized as much as possible
to reduce these effects. The distance is approximately 1/8 in. for most
commercially available instruments; however, some manufacturers indicate that
distances up to 3/8 in. can be utilized with minimal degradation of energies.
A good instrument maintenance and adjustment program i s necessary to maintain
these distances over prolonged time periods.

A few noncommercial CAVs provide an evacuated chamber to minimize air
intervention effects. Unfortunately, the reliability of these instruments
tends to suffer from increased mechanical complexity. Also, the response time
of the instrument lengthens due to having to evacuate the chamber before
counting collected activity on a filter.

5.2.2 Methodology for Radiation Discrimination and Natural Radioactivity

Compensation

The next factor to be discussed, as related to CAM detection capabili-
ties, is the technique used for discriminating against natural airborne
radioactivity. The major problem affecting CAVs used for detection of plu-
tonium and other transuranic alpha-emitting nuclides is the presence of
natural background radiations from radon-thoron daughters. The 222Rn grand-
daughter, 218Po, has a 6.0-MeV alpha particle emission; radon-220 eventually
decays to 212Bi with a 6.05-MeV alpha particle emission. The degradation of
these alpha particles by filter imbedding and intervening air between filter

and detector results in 5- to 6-MeV energies similar to those of the nuclides
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that one desires to detect. Figure 3 illustrates the overlap of these
naturally occurring isotopes with 239y settings for mogt instruments
(Cucchiara, Stafford, and McAtes 1983). Because the level of 218p5 and 2125
present in a work area can fluctuate drastically with ambient atmospheric
ccnditions, workplace ventilation rates, facility construction material, and
temperature, interference from the nuclide is highly unpredictable and shall
be compensated against to minimize spurious alarms while allowing a reasonably
Tow alarm setting. Setting the window width of the background to 1 MeV, with
the threshold riding on the upper plutonium window setting, reduces interfer-
ence from the highly variable RaC' (218Po). Additionally, correct setting of
the background subtract percentage also reduces this interference.

The early commercial CAMs provided little or no compensation against
Po and Z1%Bj alpha interference, and such units should be used only for
closely supervised short-term operations to preclude interference problems.
Later CAMs have become more sophisticated and typically employ a single-
channel analyzer (SCA) dedicated to measuring the 21855 and 21%Bi level. A
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constant fraction of the alpha particle detected by this SA is then assumed
to cause interference in the primary measurement region for plutonium and is
electronically subtracted out of this latter region. Although the scheme is
much improved compared to GMWs without compensation, it suffers from the fact
that the 218p, and %1284 interference into the primary region of interest is
not truly a constant fraction. Rather, the interference tends to decrease
with the length of time the unit is in operation, probably as a result of
decreased filter burial as dust loading increases.

With the compensation scheme discussed above, typical commercialy avail -
able GWs should be able to detect at least 7.5 to 10 DAC-h of >°Pu at a
typical sampling rate of 2 ft3/m1'n. Under these conditions, such instruments
should be able to operate 24 h/day with an acceptable low false alarm rate
caused by 2185 and 2287 interference. The units could also be run for short
time periods with lower alarm settings and resultant improved detection.
Increasing the airflow rate, the detector size, or the detector efficiency
will also proportionally reduce the detection level.

5.2.3 Methodology for Activating the CAM Alam

Microprocessor-based GMVs will also allow for future improvements to be
mede in determining when a CAM activates an alaam. Present units usually have
a single high-level adjustable set point. This alarm setting should be high
enough to minimize spurious alarms originating from fluctuations in natural
airborne radioactivity. A major disadvantage to this relatively high alarm
point setting is the increase in time required to detect a low-level release
of radioactivity. With a detection capability of 20 DAC-h, the instrument
must operate for 20 h at a 1 DAC level to detect a 1-DAC release level.
Another disadvantage of a single-point trip alarm is the inability to avoid
alarms resulting from rapid temporary perturbations, such as are typically
caused by extraneous electromagnetic or electrical interference.

Microprocessor-based (A5 under development will allow for software
programming that will mitigate both of the above problems. For example, the
unit can be programmed to provide an alarm when the detection limit exceeds a
pre-established statistical limit based an the recent counting history, allow-
ing for a quicker response to slow releases. To minimize false alarms caused
by transient spikes from extraneous interference, the CAM can be programmed to



alarm only when a high-level trip point is exceeded for a pre-established
sustained time interval. These improvements in alarm methodology, along with
the improved 2185, and 2'%gj compensation, should allow the nawv generation of
microprocessor-based QMVs to reliably detect transuranic airborne radioactiv-
ity at 4 DAC-h or lower. Alams have also been improved to incorporate a vari-
able frequency to avoid differences in alarms from other laboratory instruments.
It also allows those individuals wio have specific hearing frequency deficienc-

ies to detect the CAM alarm.

5.2.4 Shielding for Extraneous Sources of |nterference

Several extraneous sources can affect the reliability of CAMs These
major extraneous sources are large amounts of beta, gamma or neutron radia-
tion, radiofrequency (RF) interference, temperature, and vibration. Qs
should be appropriately shielded or inherently designed to detect only alpha
radiations in the presence of other potential ambient radiation sources. May
commercial CAM manufacturers incorporate a RF shield around the solid state
detector, which is relatively effective in Tow-RF environments. Tn higher RF
fields a Faraday Cage around the instrument mey be required. Mos commercial
s operate adequately under norma ambient laboratory and environmental
temperatures. However, when temperature variations fall below 0°F or above
110°F, special instrument design characteristics must be incorporated. |If
these excessive constraints are possible, they should be clearly identified in
the instrument design specifications. Additionally, unusua vibration or
acceleration characteristics of the instruments' environment should be incor-
porated in the procurement specifications. Mog manufacturers have the capa-
bility to test and certify instruments to meet variable vibration frequency
environments.

5.2.5 Mechanical/Electrical Reliability and Ruggedness

The following are examples of specifications that mey be included to
ensure mechanical/electrical reliability and ruggedness.

5.2.5.1 Detector Type

The detector should be environmentally sealed. |t should also be
cleanable and resistant to corrosive environments such as 2M HNO, vapors.
(See also Section 4.5.)
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5.25.2 Location of the Detector and Filter Assembly

Whn the detector and filter assembly is mounted on the mainframe
electronics, o external cable shall be required. The detector/filter
assembly should have a connector capable of mating directly with another con-
nector on the housing of the mainframe electronics enclosure. This assembly
should be capable of being remotely located a minmum of 10 ft (up to 75 ft)
from the mainframe electronics by the use of an optional extension cable.
Removd of the detector and filter assembly from the mainframe electronics
should not require specialized knowledge or tools.

5.2.5.3 Remote Reading

The capability of remotely measuring or determining the magnitude of air-
borne release should be provided. This allows for appropriate determination
of required re-entry personnel protection equipment and knowledge of the tevel
of a continuing release of airborne material. Appropriate historical data
retrieval should provide an activity time sequence. Examples of such data
retrieval would be instrument memoy storage, computer data storage, or a
recorder.

5.25.4 Emegency Electrical Power Reguirements

If continuous air sampling is required during electrical power losses at
a facility, provisions should be mede for alternative electrical power.
Usually, selected instruments in strategic locations can receive their elec-
trical powe from an uninterrupted powe supply such as batteries or fuel-
powered generators. This would require that power be received by both the air
sampling instrument and the vacuum source.

5.25.5 Detector Limits

At least 8 DAC-h or less of 239Pu should be detected with a variable

radon-thoron background of up to 800 dom within the range of 4.4 to 6.5 Me/,
and with an airflow of 28 L/min (1ft3/m1'n) at a specific altitude.

5.25.6 Range of Measurement

The instrument shall be capable of measuring at least 10,000 gam with
overrange indication.



5.3 SYSTEM RELIABILITY

The main driving force behind a reliable early warning system should be
the rapid detection of airborne plutonium that has the potential for personnel
exposure in the workplace. A truly reliable monitoring system provides con-
sistent responses to plutonium activity, with primary emphasis on the preci-
sion rather than the accuracy of measurement. Instrumentation must consistently
detect and alarm at the lower level of detection of plutonium airborne concen-
tration. Early warning monitors must be capable of providing the maximum num-
ber of true alarms while minimizing the number of spurious or false alarms
(less than 10%). This capacity is probably the single most important facet in
developing worker reliance on and respect for the system that is intended to
warn them of potential airborne plutonium radioactivity.

In addition to being able to withstand the rigors of constant use and
everyday demand, early warning instrumentation for plutonium must be capable
of withstanding abnormally harsh environmental conditions that are often
associated with processing and fabricating plutonium, such as high tempera-
tures, chemicals, caustics, and acids. Early warning monitors should be
relatively "trouble-free" for the first few years of service and provide
reliable field operation with a minimum number of major repairs over a rea-
sonable instrument lifetime of at least 5 years. A reliable early warning
system for plutonium can only be achieved with aggressive and comprehensive
calibration and maintenance programs, which are discussed below.

5.4 MAINTENANCE A\D CALIBRATION

Consistent maintenance and calibration of CAMs are of primary importance
inreliable detection and alarm capabilities. This section discusses general
practices to ensure this reliability.

5.4.1 General Maintenance and Acceptance Criteria

CAM maintenance and calibration programs shall be developed and organized
to provide a warning system with a demonstrated record of high reliability in
field operation. These programs must address both the electrical and
mechanical aspects of instrument operation.



B ectrical maintenance should mninmally include a check of the follow ng:

e detector

e electroniccircuitry

e alarmcircuitry

e instrunent failure indicators
pover supply(system connected to UPS)

e computer/remote interface

e Dbackground subtraction

e instrunent efficiency/counting circuitry
periodic performance testing at two points across decades of range,
per ANSI N323(1978)

Mechani cal nai nt enance should mnimal |y be performed for:
e recording device

e flowrate optimzation, by cleaning and replacing necessary conponents
on regul ar schedul e

e flowrate calibration
e in-leakage testing
e |nstrument decontam nation.

Periodi ¢ performance testing and calibration shall be conducted in
accordance with ANSl N323-1978, at |east annually, at two points across the
range of detectability, using NBS traceabl e sources. Adequate docurmentation
shall be maintained to allowverification that the action is being
accompli shed.

More routine operability source checks should be performed at one point
to verify alarmng capability and ensure proper operation. |t iS recommended
that this be performed weekly with formal documentation of the source check.
The sources shoul d be checked nonthly to ensure no | oss of activity.

Mai nt enance and cal i bration prograns shoul d begin with the receipt
I nspection and acceptance testing of a random sanpling of new equi prent
agai nst purchase specifications provided to the vendor.
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Extensive documentation and quality assurance programs are needed
throughout the lifetime of an instrument, beginning with the initial receipt
inspection and calibration. These programs are needed to ensure day-to-day
reliable functioning of the early warning system. Development of an instru-
ment data base for each instrument provides a maintenance history that allows
performance tracking of reliability, high maintenance items, and excessive
false alarms, and provides a basis for future purchases.

5.4.2 Calibration and Performance Checks

Radiation check sources used to check the instrument should be calibrated
monthly; an NBS traceable source shall be used as an annual check. The
individual checking the instrument should place his or her initials and the
time and date of the filter change on the chart paper or the sticker attached
to the instrument. When providing maintenance and changing the filter, care
should be taken not to touch the sensitive surface of the solid state alpha
detector.

CAMs shall be monitored on a routine schedule to check for proper
operation and to check the counter efficiency. Before doing the calibration
check, ensure that all CAM settings are correct. Suggested settings (LANL
1987) for the plutonium workplace should be:

e plutonium window (SCA #1)- 1.0 MY
threshold - 4.65 MY

background window (SCA #2) - 1.0 MY
response (if present) - Slow

mode - PHA-SUB

range (if present) - x1

alarm setting: - 20 to 40 cpm.

The settings used for natural activity discrimination shall be justified
and the rationale documented. 1t should be noted that the window and
threshold settings given above are for plutonium areas and are satisfactory
for detecting the presence of 242Pu, 239Pu, 238Pu, 241Am, and most other
plutonium isotopes. However, the settings would have to be changed for the
detection of other alpha-emitting isotopes with primary alpha energies below

464 MY or above 5.64 Me/, such as 235U



Only someone thoroughly knowledgeable i n the theory and operation of the CAMs

should meke adjustments in the settings.

After verifying that the settings are correct, perform the alpha

air-sampling instrument calibration using the following steps, which are
typical of most CAMs:

L

(83} E~3 w
B . .

10.

11.

12.

On a CAM calibration sheet, record the window setting, threshold
setting, calibration source number, source strength in dpm, and
expected source count rate in gm

For each CAM calibrated, record the date, location, ard CAM number.
Turn off the vaouum pump and remove the sampling filter.
Insert a calibrated 239Pu standard source.

Observe that the CAM will alarm on the x1 range and record the
average gm of the alarm.

Allow 5 to 10 mn for the CAM to obtain its maedmum reading, switch-
ing ranges as necessary.

Record the maximum gam in the "source cpm" column.

Ramoe the plutonium standard calibration source and install a rew
sampling filter.

Turn the vaouum pump back on and adjust the flow rate to the
required flow rate. Chedk this with a calibrated secondary flow
measuring device.

Place the range switch in a x1 position and push the reset button.
Observe that the chart recorder or meter reads approximately zero
with the reset button depressed.

Record the date, time, and individual's initials on the chart
recorder if one is being used.

Initial the CAM calibration sheet and record the flow meter reading.

Field checks to ensure proper response in the background window (SCA #2),
252

if it is available on the instrument, can be rapidly peformed using a “~““Cf
electroplated source. Californium-252 apha energies closely approximate the



energi es of 218p5 and 21ZBi(Chcchiaraq Stafford, and McAtee 1983). The 252c¢
source also allows an appropriate check of the background subtract setting for
those al pha energies being scattered back to the primary plutoni umw ndow

5.5 COWONLY USED PLUTON UM AR SAMPLI NG | NSTRUMENTS

I nformation on sone, but not necessarily all, types of comonly used
plutoniumair sanpling and monitoring instruments is provided bel ow, primarily
for those users unfamliar with the topic. Sone specific types of instrunents
are discussed as exanples but are not endorsed as being applicable to all
situations requiring pronpt detection. The types of instrunents covered are
silicon-diffused, junction-type CAMs; inpactor-type CAMG; noving-filter type
air sampling instruments; and fixed-head sanplers. Although not a nonitor,
the portable fixed-head air sanpler is used for sanpling in many plutonium
facilities and could be used, with good judgenment, as a quantitative pronpt
detector in some limted situations.

5.5.1 Silicon-Diffused Junction-Type CAM

There are several commercial manufacturers who provide the plutonium
CAMs, utilizing a solid-state, silicon-diffused, junction-type detector. The
detectors and sanpling filter may vary in size.. Mst instruments incorporate
two single-channel, pul se-height anal yzers. Resolution of the CAMis highly
dependent on the type of filter nmediumused to collect the air sanple. For
best results a nmenbrane filter or a thin glass fiber filter is recommended.
Figure 4 illustrates one such instrunent that is comonly used at Los Al anos
National Laboratory. Usually, detection and alarmcapabilities are
Incorporated into the instrunent. Some manufacturers al so provide individua
outputs fromthe instrunent neter or pul se output fromeach single-channe
anal yzer to acconmodat e renote reading and anal ysi s capabilities. These
instrunents may be either in a fixed location or placed on a nmobile cart to be
nmoved to the work site, as shown in Figure 5.

5.5.2 I npactor-Type CAM

The inpactor-type CAMis usually set at a high volune (35 to 45 scfm and
can be used in both a fixed and portable node. This instrument, a portable
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FIGURE 4. The TA-55 CAM, Used Only at the Los Alamos
National Laboratory Plutonium Facility

version of which is shown in Figure 6, has been used as an effective prompt

warning device for a number of years at a DOE facility. These systems have an
alarm threshold approaching 1 DAC-h (Alexander 1964). The features that allow
this Tow level of detection include:

high sample rate - normally 40 scfm

good collection efficiency - 90%for plutonium >0.5 pm
minimal radon-thoron collection efficiency - 5 to 10%
scintillation detection efficiency - 40%

proper setting of alarms above background levels.

The detection efficiency is reduced when dust loading of the scintil-

lation planchet collector occurs or if the annular impaction becomes partially

clogged with dust or lint.



FIGURE 5. A Mobile Continuous Air Monitor (CAM) Used to Alert Workers
to Airborne Radioactive Contamination in the Work Area

The distance between the detector (photomultiplier tube) and the
collection is normally 1/8 in., which is close enough for efficient detection
but far enough away to prevent damage te the photomultiplier tube by contact-
ina the planchet or impactor head. Note that the instrument is considerably
larger than those previously described.



FIGRE 6. Portable Inpactor-Type Alpha CAMwi th Light-Tight Box Door Qpen

Wien used as a fixed nonitor with a central vacuumsystem the Tight-
tight box collector-detector housing is installed outside the area being
noni tored for easy access. The only portion of the monitor in the roomitself
Is the sanple probe and exposed portion of the delivery line as well as |ocal
audi o-visual alarms. The readout units(count rate meters) and recorders can
be placed at a renote | ocation.

553 Mving-Filter Air Sanpling |nstrunent

Several types of nmoving-filter air sanpling instrunents are available
commercial |y and have been used for a nunber of years. One systemcalled the
WOTAVS was devel oped at Lawrence Livernore National Laboratory(Kai fer, Prevo,
and Phelps 1987). Figure 7 illustrates the design of this instrument. The
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FIGURE 7. Transport Arrangement of the WOIAVS Detector and Filter

detector and filter are enclosed in a vacuum chamber, allowing greater
detection sensitivity, which is reported to be <0.25 DAC-h. The filter
advances under the detector at specified time intervals. Counting statistics
can be hampered at low airborne concentration rates; however, relatively high
sampling rates (20 cfm) increase the detection capability.

554 Fixed Head Samplers

A number of types of fixed head air samplers used in plutonium labora-
tories are mentioned only because they are universally used. These are col-
lection devices and must be changed at specified time intervals and counted,
usually in a remote counting laboratory. Their primary use is for engineering
and housekeeping controls. Figure 8 shows a typical sampling head used in
glove-box laboratories. The plastic heads house interchangeable high-effi-
ciency filters, usually in a glass fiber filter medium. Sampling flow rates
frequently exceed 2 cfm. Figure 9 shows a portable air sampling device,
commonly called a "giraffe,” which can be moved to a specific work location
(Valentine, Meyer, and Romero 1968). This incorporates the same filter and
filter-holding assembly as that just described. Again, the filter must be
counted at a remote counting laboratory.



FIGURE 8. Fixed Head Air Sampling Lines in Position Above a Glove Box
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FIGURE 9. A "Giraffe" Portable Air Sampler




6.0 DOOUVENIATCN

Documentation of a program for the prompt detection of airborne plutonium
in the workplace is needed for a variety of reasons. The underlying purpose
for documentation is to provide a basis for evaluating the performance of the
program, both in internal and external program reviews. Regardless of the
reasons for conducting a review, the documentation shall meet certain mnmum
requirements for completeness and reliability. Additional requirements mey be
imposed by regulatory standards or by a perceived need for additional documenta-
tion for legal purposes.

6.1 GENERAL DOOUVENIATON FORMAT, CONTENT, AND RETENTION

All records shall meet the requirements listed below.

e Air sampling records shall include reference to approved operating
procedures, including identification by procedure number, revision
and modification number, date, title, and author. This requirement
applies to all procedures used in the location, calibration, and
operation of any sampling and analytical equipment that is incorpo-
rated in the prompt plutonium detection monitor.

e Written records shall be legible. Current written records shall be
prepared in black ink or typed. Errors should be lined out with a
single line, allowing the original entry to be read; the corrections
should be initialed by the person preparing the revision.

e Records shall be retrievable. Current files should be retrievable
within a day; permanent files should be accessible such that a
specific record can be provided within 1 week.

e |f magnetic storage media are used for short- or long-term record
storage, backup copies of the records should be mede and updated on
a regular basis. Long-teem storage in other than written format
shall take into account the expected lifetime of the storage medium.
A hard (printed) copy of records should be generated whenever



6.2

possible. Written records, including any field notes, shall be
retained for 30 years.

If the rapid detection system information mey be used for legal
purposes (e.g. , analysis of the col lected material by radiochemistry
following an incident), sample custody procedures shall be developed
to document the transfer of the sample from its remova from the
collection device through the entire analytical procedure. Sample
custody should not be required on a routine basis for the samples
collected in the system unless these samples are also used to
estimate the long-term average concentrations in the area.

Current records should be retained for 1 year from the collection
date, and then transferred to the permanent records.

DOOUMENTATICN OF SAMPLER INLET PLACEMENT STUDIES

Placement of sampler inlets will be an important factor determining the

effectiveness of the rapid detection system. Optimal placement of the inlets
will require knowledge of airflow patterns and assumptions regarding the
transportability of contamination. The characterization of room airflows and
assumptions regarding particle transport should be documented. These factors
are discussed below.

Airflow Characterization - A copy of the ventilation system drawings

should be marked at the time of airflow characterization to document
inlet and outlet flows and diffuser orientations at that time. In
addition, any factors having a significant effect sn the bouyancy of
the inlet (makeup) air should be noted at the time of characterization.

e Transportability of Particles - Ay assumptions regarding the antici-

pated transportability of contamination particles, including particle
size distribution parameters, should be documented. The basis for
these assumptions (experience, process characteristics, and theoret-
ical considerations) should a1so be documented.

Facility Design and Construction - In cases where a nev facility is

to be designed and constructed, conformance to design should be



6.3

documented. This does not relieve the facility operator of the
responsibility for room airflow characterization, but will help
ensure that compromises in rapid detection system performance are
not inadvertently built in during the construction process.

Inlet Placement with Respect to Other Standards/Evaluation of

Requirements - If DCE system-wide, field-office, or contractor

standards call for placement of rapid alarm systems depending on
workplace conditions (such as surface contamination levels, maximum
release potential, airflow conditions), then the studies or meas-
urements conducted to determine these conditions should be
documented.

DOCUMENTATION COF SAMPLER DESIGN, SELECTION CRITERIA, AND HARDWARE

The sampling system counting hardware will most likely be one of a few

standard varieties, considering the difficulty of providing a design to meet

the sensitivity requirements for the rapid detection of airborne plutonium.

Sample transport lines and filter housing designs may vary, depending on the

facility.

e Sample Line and Filter Housing = The geometry and spatial orienta-

tion of the sample line and filter housing as installed should be
documented. Required tests of particle transport through the line
and filter housing should also be documented.

Numbering Rapid Detection Systems = In addition, each rapid

detection device should be identified by a unique number, and, as
appropriate, numbers should be assigned to subsystems or components
identifying each as part of a system.

Selection Criteria - As appropriate, the selection criteria or
design objectives for acquisition or development of a sampling

system should be documented. This applies both to systems and
critical components of a system.



6.4 DOCUMENTATION CF RAW _AND ANALYZED DATA

The processing of raw and analyzed data from the rapid detection system
should be documented. These data include:

e any data analysis performed in the sampler beyond that required to
generate a net plutonium activity signal (shown with a flow chart
indicating the steps in data processing), and

e alarm and alert setting determinations.

6.5 DOCUMENTATION OF EQUIPMENT CALIBRATION AND FIELD RESPONSE ADJUSTMENTS

Flow should be maintained within the acceptable range stated in Sec-
tion 4. The frequency of calibration of the sampling system flow should be
determined by developing a history of performance for the air mover, or based
on previous experience with the air mover. A1l laboratory (out-of-field)
calibrations and field flow adjustments should be performed according to
written procedures. Dates of flow calibration or field flow adjustments and
names of personnel conducting the calibration/adjustments should be recorded.

Detection system response tests and calibration performance should also
be documented. Information should include procedure number; identification of
the detection system being tested; any electronics, hardware or materials used
in quantifying the detection system response for the calibration; date of
test; and name of personnel conducting the calibration. Numerical results of
the testing should be documented.

6.6 DOCUMENTATION OF CHANGES IN THE SAMPLING SYSTEM OR WK ENVIRONMENT

Both the sampling system and the room airflow characteristics are
important in determining the effectiveness of the rapid detection system as
described in this document. Changes in either may affect the system perfor-
mance, so significant changes should be documented.

Changes to the sampling system that require documentation include, but
are not limited to, 1) sample flow rate, 2) filter size, 3) sample line or
filter housing modifications, and 4) changes in siting of a particular sam-
pling system.



. "

Any changes to the room that affect airflow characteristics require
documentation. The acceptability of system performance in the altered airflow
condition should be determined.

Periodic review of the actual versus the documented room and sampling
system configuration is required and should be documented. Deviations of the
actual from the documented designs should be evaluated for significant effects
on the performance of the system.

59






7.0 REFERENCES

Alexander, J. M. 1964. A Continuous Monitor for Prompt Detection of Airborne
Plutonium. DPSPU 64-31-11, Savannah River Plant, Ailken, South Carolina.

American National Standards Institute (ANSI). 1969. Guide to Sampling
Airborne Radioactive Materials in Nuclear Facilities. N 13.1-1969, American
National Standards Institute, Inc., New York.

American National Standards Institute (ANSI). 1978. Radiation Protection
Instrumentation Test and Calibration. N323-1978 (R 1983), American National
Standards Institute, Inc., New York.

American National Standards Institute (ANSI). 1980. Performance Criteria for
Instrumentation Used for Inplant Plutonium Monitoring. N317-1980, American
National Standards Institute, Inc., New York.

American National Standards Institute (ANSI). 1987. Leakage Tests on
Packages for Shipment of Radioactive Material. ANSI-N14.5 _1987, American
National Standards Institute, Inc., New York.

Barnett, J. L. 1983. "A Tracer Method for Quantifying Contamination of
Building Supply Air: Reentrainment of Laboratory Hood Exhausts." Amer.
Ind. Hyg. Assoc. J. 44:580-582.

Benner, R. L. 1984. "A Fast Response Continuous Analyzer for Halogenated
Atmospheric Tracer.” J. of Atmospheric and Oceanic Technology 2:582-589.

Commissariat a 1'Energie Atomique (CEA). 1984. Radiation Protection
Instrumentation Committee. Atmospheric Sampling in Premises Where Are
Handled Transuranic Products. CEA/SPR/369/84, Commissariat & | Energie
Atomique, Paris, France.

Cucchiara, A. L, R. G Stafford and J. L. McAtee. 1983. Background Subtract
Adjustment for Plutonium Continuous Alpha Air Monitor Using Cf-252.
LA-9642, Los Alamos National Laboratory, Los Alamos, New Mexico.

Higby, D. P. 1984. Effects of Particle Size and Velocity on Burial Depth of
Airborne Particles in Glass Fiber Filters. PNL-5278, Pacific Northwest
Laboratory, Richland, Washington.

Hirt, C. W. 1978. "Numerical Simulation of Three-Dimensional Flow Past Bluff
Bodies.” Computer Methods in Appl., Mech, and Engq. 14:93-124.

International Electrochemical Commission (IEC). 1983a. Eaquipment for
Continuously Monitoring Radioactivity in Gaseous Effluents: Part 1:
General Requirements. |[EC 761-1, International Electrochemical Commission,
Geneva.




International E ectrochemcal Commission (IEC). 1983b. FEquhpfient fror
Continuously Monitorina Radioactivity in Gaseous Effluents. Part 2:
SpeciT1c Requirenents ror Aerosol Eftluent Monitors. [EC 7ol-2,
[nternational El ectrochemcal Conm sSion, (eneva.

International Standards Organization(1SOQ . 1975. General Principles for
Sanpling Airborne Radioactive Materials. 1S0 2889, Tniernaiional Standards
Organizalion, Geneva.

Kaifer, R, C Prevoand P Phelps. 1987. WOTAMS Project. Lawence
Livernore National Laboratory, Livernore, Galifornra.

Langer, G 1987. "Ventilating-Air Rates Versus Particul ate Contam nation
Spread." Progress Report, Septenmber 1986 - March 1987, RFP-4134, Rockwell
International = Rocky Flats Plant, Golden, Col orado.

Liu, 8. V. H, D v. H Pui and K. L. Rubow. 1983. "Characteristics of Ar
Sanpling Filter Mdia." In Vol . 3 of Aerosols in the Mning and Industrial
Wrk Environnents, eds. |. Marple and 8,V H Lt Ann Arbor Scrence
Publ'Tshers, Ann Arbor, M chi gan.

Los Alamos National Laboratory (LANL). 1987. Los Alamos National Laboratory
Plutonium Instrument Calibration Procedures. Los Alamos National
Laboratory, Los Alamos, New Mexico.

Mark, D, J. H Vincent and w. A Wtherspoon. 1982. “Particle B ow (f:
S?u5c§6gf46Eéror in Blunt Dust Sanplers.” Aerosol Science and Technol ogy
1(4):463- .

Nazaroff, W H 1983. "Autonated %stem of Measuring Air-Exchange Rate and
Radon Concentration in Houses." al th Physics 45:525-537.

Scripsick, R C, R G Stafford, R J. Beckman, M I. T|IIeré and
P 0. Ronero. 1979. "Evaluation of a Radioactive Aerosol Surveillance
System” In Advances in Radiation Protection Monitoring, pp. 303- 314
International "/Atom ¢ Energy Agency, Vienna.

Valentine, A M, D D Meyer and w. F Romero. 1968. Ar Mnitoring and Its
Evolution at the LANL PlutoniumFacility. Los Alamos NafTonal Laboratory,
[0S AT anos, New NEXT CO.

Vavasseur, C 1985. "Application of Tracer Gas Methods to the Measurement of
Ventilation Paraneters in Nuclear Power Plants and Various Industrial
Sectors." In 1st International Synposiumon Ventilation for Contam nant
Control , Toronto, Canada.

Vincent, J. H, P C Emmett and D Mark. 1985. "The Effect of Turbul ence on
the Entry of Airborne Particles into a Blunt Dust Sanpler." Aerosol Science
and Technol ogy 4(1):17-29.




PNL-6612
uc-607

DISTRIBUTION

No. of
Copies

10 DOE/Office of Scientific and

Technical Information

DCE Headquarters

J. D. Foulke

Office of Nuclear Safety
US. Department of Energy
Washington, DC 20545

G. W. Gibbs, Acting
Assistant Secretary for
Environmental , Safety,
and Health

US. Department of Energy

Washington, DC 20545

J. P. Knight, Acting Director
Office of Nuclear Safety

US. Department of Energy
Washington, DC 20545

Bette L. Murphy

Office of Nuclear Safety
US. Department of Energy
Washington, DC 20545

D. R. Nelson

Office of Nuclear Safety
US. Department of Energy
Washington, DC 20545

R. W Starostecki, Deputy
Assistant Secretary for Safety,
Health, and Quality Assurance
US. Department of Energy
Washington, DC 20545

J. C. Tseng, Acting Director
Office of Environmental
Guidance and Compliance
US. Department of Energy
Washington, DC 20585

No. of
Copies

10

Distr-1

E. J. Vallario, Acting Director
Radiological Controls Division
US. Department of Energy
Washington, DC 20545

DCE Albuquergue Operations Office

R. E. Alexander

Pantex Plant

Mason & Hanger--Silas Mason Co,
Inc.

PO. Box 30020

Amarillo, T™X 79177

W D. Burnett

DCE Sandia National Laboratories
Mail Code 3312, Bldg. 8619

P.0. Box 2800

Albuquerque, N 87115

G. W. Campbell
Rockwell International
Rocky Flats Plant

PO. Box 464

Golden, CO 80401

J. W. Doty

Mound Laboratory

Monsanto Research Corporation
Miamisburg, (H 45342

G. Langer

Rockwell International
Rocky Flats Plant

P.0. Box 464

Golden, CO 80401

R. G. Stafford

Los Alamos National Laboratory
PO. Box 1663

Los Alamos, NV 87545



No. of
Copies

J. G. Themelis

US. Department of Energy
Albuquerque Operations Office
P.O. Box 5400

Albuquerque, N\M 87115

DCE Chicago Operations Office

L. V. Coulson

Fermi National Accelerator
Laboratory

PO. Box 500

Batavia, IL 60510

R. A Mayes

US. Department of Energy
9800 S. Cass Avenue
Argonne, IL 60439

C. B. Meinhold

Brookhaven National Laboratory
Associated Universities, Inc.
Upton, NY 11973

D. P. 0'Neil

Argonne National Laboratory
9800 S. Cass Avenue
Argonne, IL 60439

DCE Idaho Operations Office

J. H. Barry

US. Department of Energy
Idaho Operations Office
785 DCE Place
Idaho Falls, ID 83402
B. L. Rich
EG&G Idaho
PO. Box 1625
Idaho Falls, ID 83401
P. D. Ritter

EG&G Idaho

PO. Box 1625

Idaho Falls, ID 83401

PNL-6612

uc-607

No. of
Copies

A. N. Tschaeche

WINJO

M/S CPP-630

PO. Box 4000

Idaho Falls, ID 83403

Distr-2

DCE Nevada Operations Office

A. E Bicker

Reynolds Electrical &
Engineering Co, Inc.

PO. Box 14400

Las Vegas, \v 89114

P. K Fitzsimmons

US. Department of Energy
Nevada Operations Office
P.0. Box 14100

Las Vegas, NV 89114

M. A. Marelli

US. Department of Energy
Nevada Operations Office
P.0. Box 14100

Las Vegas, NV 89114

DCE Oak Ridge Operations

Office

R. J. Cloutier

Oak Ridge Associated
Universities

P.O. Box 117

Oak Ridge, TN 37831

R. E. Halliburton

Oak Ridge National Laboratory
PO. Box X

Oak Ridge, TN 38730

S. L. Hinnefeld

Westinghouse Materials Co.
of Ohio

P.O. Box 398704

Cincinnati, H 45239



L]
'D

No. of
Copies

D. B. Howard

US. Department of Energy
Oak Ridge Operations Office
PO. Box E

Oak Ridge, TN 37831

J. Hunt

Y-12 Plant, Bldg. 9711-1
Martin-Marietta

Oak Ridge, T™N 37830

W. T. Mee

Y-12

PO. Box Y

Oak Ridge, TN 37830

D. C. Parzyck

Oak Ridge National Laboratory
PO. Box X

Oak Ridge, TN 37830

D. Rowan
Y-12 Plant, Bldg. 9711-1
Oak Ridge, TN 37830

S. F. Seltzer

Paducah Gaseous Diffusion Plant
P.0. Box 1410

Paducah, KY 42001

J. E. Shoemaker

Oak Ridge Gaseous Diffusion
Plant

PO. Box P

Oak Ridge, TN 37831

F. G. VanLoocke

RMI Company

P.0. Box 579
Ashtabula, H 44004

E. R. Wagner

Portsmouth Gaseous Diffusion
Plant

Martin Marietta Energy Systems

P.O. Box 628

Piketon, (H 45661

PNL-6612
uc-607

No. of
Copies

Distr-3

DCE San Francisco Operations
Office

T. R. Crites

Lawrence Livermore National
Laboratory

P.0. Box 5505

Livermore, CA 94550

J. T. Davis

US. Department of Energy

San Francisco Operations Office
1333 Broadway

Oakland, CA 94612

R. C. McCall

Stanford Linear Accelerator
PO. Box 4349

Stanford, CA 94305

R. H Thomas

DCE Lawrence Berkeley National
Laboratory

University of California

Berkeley, CA 94720

G. Warren

Stanford Linear Accelerator
Center

PO. Box 4349

Stanford, CA 94305

DCE Savannah River Operations

Office

D. N. Bridges

US. Department of Energy
Savannah River Operations Office
PO. Box A

Aiken, SC 29801

D. Ratchford

E.l. duPont de Nemours & Company
Savannah River Plant

Aiken, SC 29809



No. of
Copies

PNL-6612

UC-607
No. of
Copies

W. C. Reinig 50 Pacific Northwest Laboratory
E. |. duPont de Nemours & Company
Savannah River Plant W. J. Bair
Aiken, SC 29809 L. G Faust

D. R. Fisher
EPA Office of Radiation Programs E. E Hickey

G. Hoenes

A. Richardson J. R. Johnson
401 M Street, SW W. E. Kennedy
Washington, DC 20460 J. L. Kenoyer

J. B. Martin
National Center for Devices and J. C. McDonald
Radiological Health J. Mishima (10)

J. M. Selby (16)
J. C. Villforth K. L. Soldat
FDA Bureau of Radiological Health R. D. Stenner
Rockville, M 20852 J. G Stephan

C. M. Stroud
National Bureau of Standards K L. Swinth

J. Weber

E. H Eisenhower
National Bureau of Standards
Gaithersburg, M 20899

Nuclear Regulatory Commission

R. E. Alexander
US. Nuclear Regulatory Commission
Washington, DC 20555

ONSITE

2 DCE Richland Operations Office

D. T. Evans
D. L. Sours

Westinghouse Hanford Company

R. 0. Budd
W. D. Kittinger

Distr-4

Health Physics Department
Library
Publishing Coordination

(2)
Technical Report Files (5)





